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Introduction 
The mature ovum is a paradox. On one level, the ovum is 
the specialized result of a specialized series of events. On 
another level, it is an undetermined, unspecialized cell. The 
dichotomy of the roles of the ovum - as a future embryo and 
as an undifferentiated cell - has generated interest in relation 
to the newly elucidated mechanisms and functions of nucleic acid$• 
Deoxyribonucleic acid, as the carrier of heredity information, 
is the genetic link between generations. The gametes are the 
morphological links. Ribonucleic acid, as the qualitative di· 
rector of protein synthesis, determines, through its relation-
ship with DNA, the individuality of the organism. The ovum 
and spermatozoan are the morphological beginnings of the indi-
vidual. 
Recent biochemical studies, which have been limited to 
invertebrate and amphibian eggs, have shown that the ovum con-
tains more DNA than the haploid amount for the species, and, 
therefore, more than the spermatozoan. The present investiga-
tion broadens the fi.e.ld> of study to include a manmalian rep-
resentative, and is based on the premise that nucleic acids 
are important to the genetic and synthetic mechanisms of the 
ovum as a cell and as an organism. 
1. 
REVIEW OF THE LITERATURE 
Early History of Nucleic Acids 
. 
Nucleic acids were discovered in 1868 by Friedrich M*•-
scher (1897). He isolated an acidic, phosphorus containing 
compound, which he called "nuclein", from the nuclei of pus 
cells. Altmann (1899) succeeded in extracting nucleic acid 
from yeast, while Neumann (1899}· obtained nucleic acid hydrol-
ysis products from the thymus gland. By 1900 the purine bases, 
guanine (piccard, 1874} and adenine (Kossel, 1888), and the 
pyrimidine bases, thymine (Kos,sel and Neumann, 1894), cytosine 
(Kossel and Steudel, 1902), and uracil (Ascoli, 1900) had been 
isolated and identified. 
Levine and Jacobs (1909} succeeded in identifying ribose 
as t~e sugar component of the hydrolysis products of yeast 
nucleic acid. Levine ~ Al· (1930) isolated 2-D-deoxyribose 
from the hydrolysis products of thymus nucleic acid. 
For the most part, hydrolysis of nucleic acid of plant 
origin yielded adenine, guanine, cytosine, uracil, phosphoric 
acid, and ribose, whereas hydrolysis of most animal nucleic 
acids produced adenine, guanine, cytosine, thymine, phosphoric 
acid and deoxyribose. 
Jones and Perkins (1924), however, obtained pentose nu-
cleotides of adenine, guanine, and cytosine from the pancreas. 
Pentose polynucleotides were also found in the chick embryo 
(Calvery, 1929), sea urchin egg (Blanchard, 1935), and the 
2. 
spleen and liver (Thomas and Berariu, 1924). When the histo-
chemical work of Feulgen and Rossenbeck (1924) showed that 
deoxyribonucleic acids appeared in nuclei of plant tissues, 
and Brachet (1933), using the ribonuclease test, identified 
ribonucleic acid in liver cytoplasm, the distinction between 
animal and plant nucleic acid lost its validity. 
3. 
Deoxyribonucleic Acid (DNA) 
Isolation of Highly Polymerized DNA 
In order to perform the precise analyses necessary for 
accurate determination of molecular structure, highly polymer-
I 
ized DNA must be isolated. The four principa~ methods of iso-
lation are as follows. 1) extraction of nucleoprotein in weak 
salt solutions, i.e. lower than 0.5M with respect to sodium 
chloride, with subsequent removal of the protein by chloroform 
treatment. This procedure was been used successfully to ex-
tract DNA from calf thymtis by Crampton et 21· (1945a), Stern 
~ Ai· (1947), and Gulland ~ Ai· (1947). Chargaff and Sai-
del (1949), by using borate buffer, modified the technique for 
use with avian tubercle bacilli and yeast (Chargaff and Zamen-
hof, 1948). 2) extraction of nucleoprotein in strong salt 
solution followed by deproteinization by saturation with sodium 
chloride. This process avoids the release of nucleases which 
are usually present in solutions of low ionic strength. The 
nucleic acid-protein dissociation, however, is higher in strong 
salt solutions. This method has been used by Pollister and 
Mirsky (1946) with trout spertl'8.ma~ozoa~:;:P¥:.::P..et.eim&nn:.''aJici·Jt.i1)lb (1948) 
for beef spleen, and by Schwander and Signer (1950) with calf 
thymus. 3) The technique of Crampton ~ al. (1945a) has been 
modified by Stern ~ 21· (1947) in order to extract nucleic 
acid with water. Water extraction permits the simultaneous 
isolation of DNA and the accompanying histone. 4) DNA may be 
4. 
isolated by the use of anionic detergents. Marko and Butler 
(1951). a~~ ~~y ~·~~ (1952) have used sodium dodecyl sulfate 
to isolate high viscosity DNA from a wide variety of sources 
with generally good yields. However, Chargaff et 21· (1952), 
working with sea urchin~~eport incomplete separation 
of protein using detergents, and had to subject the crude DNA 
to five subsequent extractions with chloroform-amyl alcohol. 
Analysis of the Structure of DNA 
Preparations of DNA in pure form provide the starting 
point for three main lines of investigation: 1) precise qual-
itative identification of constituents to corroborate and ex-
tend the results of the early workers in the field. 2) quan-
titative hydrolysis of DNA to examine the per cent distribu-
tion of each of the molecular groups. 3) determination of 
chemical bonds in order to provide a physical picture of the 
complete molecule. 
1) Identification of Constituents. The investigations 
of the sugar component of DNA have usually been based on re-
lease of sugar from nucleoside enzymatic breakdown products, 
and the subsequent chromatographic identification of the sugar. 
Such methods have been used to identify 2-deoxyribose in ox 
thymus and spleen by Chargaff ~ s!· (1949), in thymus and 
liver from sheep, pig, and man by Chargaff and Lipshitz (1953), 
in salmons~~y Chargaff ~-~· (1951), in sea urchin spermatozoa 
by Chargaff ~ ~· (1952), and in yeast and tubercle bacilli 
by Vischer ~ ~. (1949). 
5. 
Chromatographic separation of the nitrogenous bases from 
the above DNA samples has yielded the purines, adenine and 
guanine, and the pyrimidines, cytosine and thymine. Excep-
tions thus far have been based on work with bacteria and bac-
teriophage. Wyatt and Cohen (1952) reported 5-hydroxymethyl-
cytosine in the T-even phages. Dun and Smith (1954) have 
found 5-bromouracil and 5-iodouracil replacing thymine in E. 
coli and bacteriophages T2 and T5• 
2) Molar Proportions of Constituents. Chargaff ~ al. 
(1949) realized that DNA from different sources differed con-
siderably in composition. Through the use of specific ultra-
violet absorption of the nitrogenous bases after separation 
by paper chromatography, starch columns, or on ion exchangers, 
some basic generalizations have been made. a) Animal sources 
yield DNA of the "A-T" type, i.e. with adenine and thymine 
predominating in base molar paoportions. The work of Chargaff 
and Lipshitz (1953) on ox, sheep, pig, and man, and that of 
Wyatt (1951), Tamm ~ 21· (1952), and Sinsheimer and Koerner 
(1952a) using bovine sources are in agreement with Chargaff 
~ 21· (1949). b) Chargaff ~ §i. (1950)and Chargaff (1951) 
have shown that the "G-C" type of DNA, i.e. with guanine and 
cytosine predominating in base molar proportions, appear in 
several microorganisms such as Bacillus Schatz and Serratia 
marcescens, as well as. in insec·t viruses. c) An intermediate 
DNA with almost equimolar amounts of the four bases occurs in 
~. coli and other bacteria (Chargaff, 1951). 
6. 
Extensions of these three generalizations are as follows. 
The sum of the purine nucleotides equals the sum of the pyrimi-
dine nucleotides. The molar ratios of adenine to thymine and 
guanine to cytosine equal one in each case. The number of 
6-amino groups equals the number of 6-keto groups. 
A fourth generalization is also indicated in the foregoing 
studies. d) The molar composition of DNA from different organs 
of the same animal is statistically the same. This conclusion, 
however, does not refer to order of nucleotides, merely to mo-
lar proportions. Bendich ~ ~. (1953) indicated that DNA 
from various organs of the rat differs in solubility in 0.87% 
NaCl and in uptake of radioactive formate. Fractionation stu-
dies done by Crampton ~ ~. (1954b) show that various species 
of DNA reside in the same cell, since fractionation yielded a 
whole spectrum of DNA with decreasing contents of guanine and 
cytosine and increasing contents of adenine and thymine. 
3. Chemical Bonds in the DNA Molecule. The titrimetric 
studies of Gulland ~ ~. (1947) and Levine and Sims (1926) 
show DNA to be a high molecular weight, unbranched polynucleo-
tide with phosphodiester linkages between nucleotides. 
Base--Sugar,-PO(OH) 
Base--Sugar--PO(OH) 
Brown and Todd (1952), on the basis of chemical and enzy-
matic degradation studies, postulated the phosphodiester linkages 
to be of the 3',5' type. 
j ase _Jase 3' ~ 51~ 5 1 P......._ 
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Supporting evidence has come from Dakken ~ al.(l953). 
Using acid hydrolysates of DNA, they isolated thymidine-3 1 ,5'-
diphosphate and deoxycytidine-3 1 ,5 1 -diphosphate. Sinshetmer 
and Koerner (l952b) and others using enzymatic treatment also 
support the hypothesis. 
Astbury and Bell (1938) showed that X-ray photographs of 
DNA fibres evidenced a reflection which would indicate a dis-
• tance of 3.34A between nucleotides along a longitudinal axis. 
They 1nterpreted their photographs as showing a pile of flat 
nucleotides, in the same plane as the sugar, and perpendicular 
to a fibre axis. Furberg (1949) showed that in the cytidine 
moiety the.:ring groups were not parallel, but perpendicular. 
He then presented two possible structures for DNA. One model 
had the nitrogenous bases piled in a column with the sugar 
rings and phosphate groups spiraling around the column. The 
second model had a central spiral of sugar and phosphate with 
the bases standing out perpendicularly. The main disadvantage 
with the second model was the lack of any rigidity due to low 
Van der Waals forces between the bases (Furberg, 1952). 
Pauling and Corey (1953) postulated a structure containing 
three intertwined helices of polynucleotide chains, each chain 
with 24 nucleotides in 7 turns of the helix. They thought of 
the phosphate groups as close to the axis, the pentose residues 
around the phosphates, and the bases projecting radially. However 
the titration studies of Gulland ~ al.(l947) had shown that 
the phosphate groups are easily neutralized and therefore must 
not be in the center of the molecule. 
8. 
Watson and Crick (1953) then proposed their now famous 
structure partially utilizing the helical i4ea of Pauling and 
Corey and incorporating Furberg's model #1 for each nucleotide 
chain. Their structure had two helical chains, each being 
right handed helices. The nitrogenous bases were on the in-
side of the helix with the phosphate groups on the outside. 
The distance between nucleotides was 3.4A, each complete coil 
• 
of the helix being 34A. The two nucleotide chains were held 
together by hydrogen bonding between the bases. For hydrogen 
bonding to occur between bases, a pyrimidine must be bound to 
a purine. Two pyrimidines were not large enough to bridge the 
distance between the chains and two purines were too large. 
On the basis of probable tautomeric forms, the only acceptable 
base pairs were adenine with thymine and guanine with cytosine. 
Thus the molar proportions found by Chargaff and others (see 
above) were fulfilled. Confirmation of the Watson and Crick 
structure was made by the X-ray crystallography data of Wil-
kins ~ ~. (1953). 
The Biological Role of DNA 
The genetic role of DNA has been established by three 
avenues of approach: biochemistry, cytology, and genetics. 
Biochemists have been isolating and investigating the substance 
which Meischer called "nuclein" from nuclei of various sources. 
This work has elucidated the structure of DNA as seen above. 
Feulgen and Rossenbeck (1924) showed cytologically that 
9 • 
..a nuclear component would yield a positive Schiff reaction 
. 
after mild acid hydrolysis. This compound, when isolated, 
proved to be that which the chemists had been working on. 
The ability of DNA to bind basic dyes by virtue of its phos-
phoryl groups has been the subject of much research (Brachet, 
1940; Stedman and Stedman, 1950), and combined with micro-
spectrophotometry, can give semi-quantitative results (Ris 
and Mirsky, 1949). 
Cytochemistry has also provided support for the genetic 
role of DNA. Boiven ~ Ah• (1948) showed the essential con-
stancy of DNA in diploid cells of one species and its presence 
in half-quantities in spermatozoa (Mirsky and Ris, 1949). 
In addition, the early cytogenetic studies of Morgan 
(1911) indicated that the chromosomes in the nucleus acted 
in such a manner during the cell cycle as to be the possible 
carriers of genetic information. 
The work which conclusively upheld the hypothesis of 
these earlier studies has been done by the modern chemical 
geneticists. Mutagenic substances such as the sulphur mus-
tards have been shown to react most strongly and sensitively 
with DNA as opposed to pure protein or RNA (Herriott, 1948). 
On the other hand, Auerbach and Robson (1946) have demonstrated 
that the mustard compounds cause mutational effects in micro-
organisms. 
The transforming ability of DNA also points to its gene-
tic role. Avery ~ Al· (1944) found that DNA extracted from 
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a smooth, encapsulated strain of pneumococcus would, after 
injection into roug~unencapsulated colonies, transform the 
colonies to the smooth type. Thereafter the transformed 
strain continued to produce smooth colonies. It became evi-
dent that two primary genetic functions had been performed 
by the DNA extract: 1) initiation of like replication, and 
2) induction of an inheritable characteristic. Many differ-
ent kinds of transformations have been accomplished including 
production of drug sensitivity (Saz and Eagle, 1953) and con-
ference of antigenic properties (Weil and Binder, 1947). The 
transforming principle has been shown in all cases to be DNA 
and not protein. 
Bacteriophage particles which infect E. coli provide a 
relatively simple system in which to investigate DNA since 
phage particles are essentially DNA cores surrounded by a pro-
tein membrane (Hershey and Chase, 1952). When T2 or T6 coli-
phages are combined with suitable strains of ~. coli, the tails 
of the phage particles attach themselves to the bacterium. 
Phage DNA is then liberated inside the bacterium leaving phage 
protein ghosts. The organization of the bacterial cell becomes 
disrupted to be followed by replication of phage DNA and pro-
tein within the bacterial cell. Rupture of the bacterium en-
sues with the release of phage progeny. That the DNA of the 
phage enters and the protein is left outside the cell have been 
proved by labeling the phage DNA with P32 and the phage protein 
with s35. After lysis of the bacteria no s35 was detected in 
11. 
the replicated phage, but it was found in the bacterial debris 
(Hershey and Chase, 1952). 
The individuality of an organism is dependent on the pro-
teins native to and produced by the organism. The mode of DNA 
action is consequently to direct protein synthesis, either di-
rectly or through an intermediary. The case against direct 
DNA action in protein synthesis now rests on a firm base. 
Stern~ ~.(1952) have shown that the main nuclear enzymes 
are those related to purine and pyrimidine metabolism. The 
enzymes necessary for protein synthesis are located in the 
cytoplasm. The body of cytological work from the time of 
Feulgen has shown that DNA exists almost exclusively in the 
nucleus. Fudtla•oare,tia;~ ¥.Dexbaeilts_;1llt;tl;Z8g:d:z:aein.•,:_ amino 
acids indicate that incorporation of these precursors into 
protein takes place in the cytoplasm, specifically in the 
microsomes. Hultin (1950),using glycine-N1~ found uptake of 
the isotope to be much more rapid in the microsomal protein 
of the chick than in any other fraction. Siekevitz (1952), 
working with labeled alanine in liver homogenates, confirmed 
this conclusion. Finally, protein synthesis can take place 
in ~ in the absence of a nucleus. Brachet and Chantrenne 
(1951), using Acetabularia mediterranea, have demonstrated 
that non-nucleated halves of the alga can indorporate radio-
active C02 into proteins for a period of two weeks. Abd-El-
Wahab and Pantelouris (1957), working with enucleated lobes 
gf Mytilus eggs, also demonstrated some protein synthesis. 
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Thus, the role of DNA has been shown to be indirect, the me-
diating factor being RNA (see below). 
The structure proposed by Watson and Crick (1953) for 
DNA takes two important characteristics of the genetic mater-
ial into account. 1) Since the pairing of bases is fixed, one 
strand of the double helix is a complement of the other. This 
permits replication by each strand of new complement during 
cell division.. 2) The individual specificity of DNA can be 
coded in the base sequence of the molecule and receded in the 
RNA intermediary for use in protein synthesis. 
Cri~k ~ il· (1961), after detailed genetic map analysis 
of wild-type and mutant rii regions of T4 coliphages, have 
outlined the general code rules for DNA. The smallest possible 
number of bases per code group or "codon" is 3 or multiples of 
3. A codon of 2 bases would yield only 16 possible variations 
and there are at least 20 amino acids to be coded. A 3 base 
codon can yield 64 possible combinations. That a codon con-
sists of 3Jor a multiple of 3 base~ was deduced from the par-
tial activity of a mutant containing 3 extra bases at a nearby 
locus. The loss of activity due to addition of 2 bases was 
interpretated as indicating that the rest of the molecule was 
out of phase. The code is not over-lapping, i.e. ~-he message 
starts at one end of the molecule and is read off 3 bases at 
a time. The starting point will determine the correct in-phase 
grouping. A base deletion puts the rest of the nucleotide se-
quence out of phase, to be rectified only at that point on 
13. 
'the nucleotide chain where an addition occurs. Therefore, 
the location of a deletion relative to the starting point of 
reading the code is important in determining the extent of 
phenotypic mutation. The code is "degenerative" in that more 
than one set of triplets can identify an amino acid. 
Furth ~ ~. (1962) and Chamberlin and Berg (1962) point 
to the 1 to 1 recoding of DNA in messenger RNA. An enzyme 
called RNA polymerase, isolated from ~. coli, was found to 
catalyze the incorporation of ribonucleotides into RNA in the 
presence of DNA primer. If the DNA was from natural sources 
the specific DNA ratio of adenine plus thymine to guanine plus 
cytosine was repeated in the synthesized RNA with uracil sub-
stituting for thymine. If a synthetic DNA polymer consisting 
of only thymine or cytosine was used, the synthesized RNA con-
tained only the base pairing parter1 adenine or guanine, respec-
tively. Weiss (1962) isolated a similar enzyme from Micrococcus 
lysodeikticus which directed RNA synthesis with base ratios spe-
cific for the DNA primer used. Thus the base sequence of DNA 
determined that of messenger RNA. 
14. 
I 
Ribonucleic Acid {RNA) 
Isolation of Pure ?reparations of RNA 
In order to determine the structure of RNA, the nucleic 
acid must be cleanly isolated from other compounds. Mirsky 
and Pollister (1946), taking advantage of the solubility of 
RNA and the insolubility of DNA in 0.14M NaCl, extracted RNA 
from calf thymus. This procedure, which does not separate 
the associated protein from RNA, is followed by deproteiniza-
tion b' a) boiling in 10% NaCl (Chargaff et al., 1950); b) ex-
posure in a half-saturated solution of NaCl for 36 hours (Kerr 
and Seraidarian, 1949); c) precipitation of RNA with cold 2M 
guanidine hydrochloride. Volkin and Carter (1951) extracted 
RNA from liver, spleen, thymus, and pancreas in this manner, 
and Grinnen and Mosher (1951) found this method to produce 
the most highly polymerized nucleic acid. Kay and Dounce 
(1953) have used sodium dodecyl sulfate to isolate wheat germ 
RNA. In almost all cases the nucleic acid is isolated as so-
dium ribonucleate. 
Determination of Nucleotide Composition 
Pure preparations of RNA have been hydrolyzed to a mix-
ture of mononucleotides in either IN HCl (Smith and Markham, 
1950) or dilute alkali solutions (Chargaff et ~., 1950; El-
~on ~ !1·, 1954). The mononucleotides are then separated 
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-by paper chromatography, followed by elution and spectropho-
tometric estimation. Volkin and Carter (1951) separated the 
mononucleotides on a basic ion-exchange resin. Electrophore-
tic separation of nucleotides has also been reported (David-
son and Smellie, 1952). 
The separate fractions of cytoplasmic RNA isolated from 
liver by the foregoing methods consist of adenylic acid, guan-
ylic acid, cytidylic acid, and uridylic acid in widely varying 
proportions. Cohn (1959) reported the existence of 5-ribosyl-
uracil nucleoside in yeast. In general, for animal tissues, 
the molar concentration is highest for guanylic acid, followed 
by cytidylic and adenylic acids. Uridylic acid is usually pre-
sent in lowest molar proportions. Volkin and Carter's (1951) 
analyses of calf liver, pancreas, spleen, and thymus show wide 
base variations in different organs of the same animal. In 
addition, CroslJie ~ i\!,.(1953), isolating various cell frac-
tions by differential centrifugation, 1ound wide variation in 
base ratios between nuclear and cytoplasmic RNA; e.g. the cell 
sap of rat liver was highest for guanylic acid content whereas 
nuclear RNA was lowest for guanylic acid. 
However, Elson and Chargaff (1954) found that the cyto-
plasm from one organ does contain purine and pyrimidine nucleo-
tides in almost equimolar amounts, as well as equivalent molar 
proportions of 6-keto (guanine and uridine).and 6-amino (aden-
ine and cytidine) groups. 
The electrometric titration studies of Levine and Simms 
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(1926) showed that the nucleotides in RNA, as well as in DNA, 
were held together by phosphodiester linkages. The nature of 
these linkages, and the correlary consideration of chain bran-
ching was the next problem to be investigated. 
Mild alkaline hydrolysis of RNA allows the separation of 
mononucleotides. This fact is enough in itself to dismiss a 
C5a-C5• bond since stable dinucleotides would be formed. Brown 
and Todd (1952) and Cohn and Volkin (1953) recovered 2',5~ and 
3',5' diphosphonucleotides of cytidine and uridine under con-
ditions of partial hydrolysis in snake venom diesterase. Brown 
and Todd (1952) postulated the general structure of 3',5' phos-
phodiester linkages for the nucleotide chain of RNA on the basis 
of these and other hydrolytic studies. 
According to their hypothesis, branching would mainly occur 
via a C3• P C2• linkage. 
Cohn and Volkin's (1953) analysis of snake venom diesterase 
hydrolysates support this branching mechanism. The degree to 
which branching occurs has not been established. 
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Ihe Biological Role of RNA 
The main function of RNA is its role in protein synthe-
sis, although in tobacco mosaic and some other viruses RNA 
appears to have a genetic role (Gierer and Schramm, 1956). 
Caspersson (1941) postulated this concept from ultraviolet 
microspectrophotometric studies of various tissues. He 
found that rapidly proliferating tissues such as onion root 
tips, and tissues which produce secretions such as pancrea-
tic exocrine cells, were rich in RNA (Caspersson and Schultz, 
1938), whereas tissues which do not synthesize much protein 
(muscle, kidney, heart) were low in RNA (Caspersson, 1941). 
Schrader and Leuchtenberger (1950) demonstrated that synthe-
sis of protein and RNA were linked during spermatogenesis. 
DNA and protein synthesis appeared to be independent of each 
other. Davidson ~ al· (1949) found that RNA synthesis al-
ways preceeded protein synthesis. Campbell and Kosterlitz 
(1952), studying the decrease in basophilia and drop in RNA 
content of livers of fasting animals or those fed a low-protein 
diet, concluded that RNA content of the liver cell is closely 
connected to the protein content of the diet. 
A qualitative difference between nuclear and cytoplasmic 
RNA has been shown by Crosbie ~ Ai· (1953). Mirsky (1947) 
reported that a small amount of RNA is present as a c~omosomal 
constituent. Davidson and Waymouth (1946) observed Feulgen 
,positive nucleoli in liver cells. Marshak and Calvet (1949) 
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·and Hurlbert and Potter (1952) reported a higher radioactive 
phosphorus turnover in nuclear RNA than in cytoplasmic RNA. 
The mouse liver fractionation studies of Schneider ~ 
4l• (1950) have shown that 52% of the total homogenate RNA 
resides in thenaicrosomal portion of the cytoplasm and 17% 
in the soluble supernatant fraction. Although the nucleoside 
composition of these two fractions is identical, the rate of 
radioactive phosphorus turnover in the soluble RNA is higher 
than that in microsomal RNA, although not as high as in nu-
clear RNA (Crosbie~ §i., 1953). 
Palade and Siekevitz (1956) have further categorized the 
microsomes as ribonucleoprotein particles (ribosomes) attached 
to fragments of the endoplasmic reticulum. 
Hoagland ~ 21· (1956) observed that microsomes isolated 
·from homogenized rat liver catalyzed a pyrophosphate (PP)-
adenosine triphosphate (ATP) exchange reaction. Kenney ~ sl· 
(1957) reported that PP is also produced by microsomes after 
incubation with guanosine triphosphate (GTP) and uridine tri-
phosphate (UTP). Keller and Zamecnik (1956) found that the 
soluble fraction of the cell, which is necessary for incorpor-
ation of amino acids into ribosome proteins, contained enaymes 
which catalyzed the activation of amino acids by formation of 
enzyme-amino acyl adenylate compounds from ATP and amino acids. 
Also found in this fraction was a species of RNA (soluble or 
sRNA or transfer RNA) capable of reaction with activated amino 
,acids to produce an RNA-amino acid intermediate followed by 
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~ransfer of the amino acid to the protein of the ribonucleo-
protein ribosomes (Hoagland et al., 1958). If the pH of the 
soluble fraction was adjusted to 5, enzymes catalyzing the 
amino acid transfer to sRNA were also found. In addition, 
the sRNA of any cell is not homogeneous, and can be shown 
by electrophor~sic.:determinations to be made up of different 
species of sRNA (Holley and Merrill, 1959), each specific 
for an amino acid (MCCully and Cantoni, 1962b). 
Incubation of the soluble fraction with cl4 labeled mono-
nucleotides followed by hydrolysis and analysis of the sRNA 
indicated that the nucleotides were incorporated into the 
sRNA (Herbert~ al., 1957). Heidelberger et §1. (1956), 
using adenosine monophosphate labeled with p32, found that 
among the partial degradation products of sRNA, adenosine 
monophosphate (AMP) was associated with cytodine monophosphate 
(CMP). Hecht ~ Ai· (1959) determined that AMP was indeed 
adjacent to CMP in the sRNA molecule, and, furthermore, that 
the triphosphates of adenine and cytidine yielded the AMP and 
CMP moieties which were arranged as CMP-CMP-~1P at the terminal, 
amino acid accepting, end of the sRNA molecule. Singer and 
Cantoni (1960) determined that the non-accepting end of sRNA 
is guanosine monophosphate (GMP). Thus sRNA is prepared for 
acceptance of an amino acid by stepwise addition of CMP, CMP, 
and AMP with the liberation of PP at each step; the amino acid 
is prepared for attachment to the terminal AMP of sRNA by ac-
_tivation in an enzyme-AMP-amino acid complex with the liberation 
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'Of PP from the conversion of ATP to AMP. 
Although all amino acids were activated in the same manner 
(Nisman ~ s1., 1957), each amino acid was activated by a spe-
cific enzyme (Bergmann, 1959). The enzyme which catalyzes the 
tryptophane+ ATP-+tryptophane adenylate + PP reaction has 
been isolated by Kingdon ~ iil· (1958). 
The amino acid activating enzymes are also thought to be 
responsible for transfer of the amino acid to sRNA (Wong~ al., 
1959). 
Hoagland !t, AI:· (1958) have shown sRNA to be a true inter-
mediate in protein synthesis. Ascites tumor cells were incu-
bated with c14 leucine in the presence of GTP.. The radioac-
tivity was found to be concentrated first in sRNA. The label 
then occured in the microsomal RNA, microsomal protein, and 
fianlly in the soluble protein. 
MCCully and Cantoni (1962a), after analyzing enzyme hy-
drolysates, believe the order of bases to be non-random in each 
sRNA molecule; and suggest a single stranded molecule of about 
70 nucleotides doubled back in helical fashion on itself. The 
molecule would loop out at one end and have the CMP-CHP-AMP 
comfiguration at the terminal end. The base sequence in the 
loop would be concerned in the interaction with messenger RNA 
(MCCully and Cantoni, 1962b). According to this hypothesis, 
the difference in the 20 species of sRNA would be two-fold. The 
,base sequence in the loop would be specific for the code in 
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messenger RNA; the base sequence in the rest of the molecule 
would confer specificity in relation to amino acid-specific 
enzymes. 
This theory would satisfy the requirements of the "adap-
tor" postulated earlier by Crick (1958) and aoagland (1959). 
The adaptor hypothesis states that amino acids first react 
with small polynucleotides which transfer and properly locate 
the amino acids on the ribosome. Each amino acid would have 
a specificity for a single adaptor. The base sequence on the 
adaptor would behave as a complement to base sequences of the 
particle RNA. After correct positioning of the adaptor-amino 
acid on the ribosome, peptide bonds would form between the 
amino acids thus freeing the adaptor molecule for further ac-
tion. 
Furth ~ gl. (1962) have synthesized RNA with a 1 to 1 
base pair relationship to DNA. Brenner~ gl. (1961), using 
labeled E. coli-T4 phage systems showed that protein synthe-
sized after infection, and therefore under the direction of 
phage DNA, was associated with the bacterial ribosomes formed 
before infection. Volkin (1962), using the ~. coli-T2 system, 
found that after infection a short lived species of RNA was 
rapidly synthesized according to the base ratios of the phage. 
Hence, the role of messenger RNA seems to be one of receiving 
the code from the DNA and either transmitting it to the ribo-
some or itself becoming part of the RNA portion of the ribosome. 
The RNA code for directing the sequence of amino acids 
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in a protein has been partly elucidated by Nirenberg and 
Matthiei (1961). Upon addition of synthetic polyuridine RNA 
to ribosome extracts of E. £21!, polyphenylalanine was recov-
ered. According to the three base codon, an AMP-AMP-AMP se-
quence in DNA would produce a UMP-UMP-UMP triplet in messenger 
RNA which would be the determinant for phenylalanine. Ochoa's 
group (Lengyel~ al., 1961; Lengyel~ al., 1962; Speyer~ 
al., 1962a; 1962b), using the same methods, have extended the 
code observations to the 20 amino acids as follows: 
amino acid messenger RNA codon 
phenylalanine UMP-UMP-UMP 
alanine UMP-CMP-GMP 
arginine UMP-CMP-GMP 
aspartic acid UMP-AMP-GMP 
asparagine UMP-AMP-AMP; UMP-AMP-CMP 
cysteine UMP-UMP-GMP 
glutamic acid UMP-AMP-GMP 
glutamine UMP-CMP-GMP 
glycine UMP-GMP-GMP 
histidine UMP-AMP-CMP 
isoleucine UMP-UMP-AMP 
leucine UMP-UMP-CMP; UMP-UMP-GMP; 
UMP-UMP-AMP 
lysine UMP-AMP-AMP 
methionine UMP-AMP-GMP 
proline UMP-CMP-CMP 
serine UMP-UMP-CMP 
·.amino~ 
threonine 
tryptophan 
tyrosine 
valine 
messenger RNA codon 
UMP-AMP-CMP; UMP-CMP-CMP 
UMP-GMP-GMP 
UMP-UMP-AMP 
UMP-UMP-GMP 
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The order within the triplet has not been established, and 
other triplets may code the same amino acids, i.e. the code 
in probably degenerative. 
"Messenger" RNA and "Transfer or Soluble" RNA are biochem-
ical groupings based on molecular weight and cell-free system 
studies. These categories have been translated into cytoLogi-
cal terms by $irlin ~ Ai· (1962). Following the movements 
of labeled RNA within the cell, they conclude that the nucleo-
lus contains both transfer RNA and "intrinsic•• RNA. Both types 
of molecule are capable of moving into the cytoplasm. When 
the intrinsic RNA leaves the nucleolus, it assumes the proper-
ties of messenger RNA. Priming by chromosomal RNA seems to 
provide the impetus for movement of the intrinsic RNA. 
There are still many questions to be answered within this 
area, but the main sequence of events leading to production 
of protein has, within the last few years, become clear. 
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The Estrous and Reproductive Cycles of the Female Mouse 
The Estrous Cycle 
Allen's investigation demonstrated that the estrous 
cycle of the female mouse is divided into five definable 
stages (Allen, 1922). Proestrus and esrrus, the first two 
stages, are characterized by anabolic changes occurring in 
the vagina and uterus. Ovarian follicles increase in size 
due, at least in part, to incorporation of liquor folliculi. 
Vaginal lavages taken at these stages evidence progression 
from light washings of epithelial and cornified cells to 
dense clumps of cornified cells. Ovulation occurs spontan-
eously at or near the beginning of estrus. Estrus is fol-
lowed by metestrus I and metestrus II. These are catabolic 
stages, with vaginal lavages characterized by dense leuco-
cytic and cornified cell populations. Diestrus, the final 
stage, is a period of slow growth in preparation for pro-
estrus of the next cpcle. Vaginal lavages at this stage are 
light, containing clumps of epithelial cells and some amorphous 
debris (Allen, 1922; Voss, 1930). 
Parkes (1928) found that one complete cycle takes about 
five days. However, diversity is common due to strain dif-
ferences and age of the animals (Allen, 1923). The approximate 
length of each stage is as follows: proestrus- 1 day, estrus-
~ day, metestrus I- 1 day. metestrus II-1 day, diestrus-1~-2 
days (Voss, 1930), with the onset of estrus usually between 
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the hours of lOPM and lAM. Mating usually occurs between 
these same hours (Lewis and Wright, 1935). 
Ovulation- Normal and Induced 
After ovulation, the ova are carried to the upper end 
of the oviduct by the motion of the effluent follicular fluid 
and the infundibular cilia (Snell~ al., 1940). Long and Mark 
(1911) found the eggs to be in the process of completing ma-
turation division, with the first polar body extruded and se-
cond maturation spindle present. Alfert (1950) reported that 
the chromosomes were condensed on the second meiotic metaphase 
spindle at time of ovulation. At ovulation the ova are found 
surrounded by the zona pellucida and a covering of cumulus 
cells (Pincus, 1936). 
If copulation has occurred, the spermatozoa were found to 
be transported rapidly to the upper end of the oviduct (Parker, 
1931). Presumably transport is due primarily to the muscular 
action of the uterine and oviduct walls and secondarily to the 
innate motility of the spermatozoan. If fertilization has taken 
place, second polar body formation and development is initia-
ted. If fertilization has not occurred, the second polar body 
does not form and within 12 hours degeneration of the egg begins 
(Lewis and Wright, 1935). 
Ovulation may be synchronized by the administration of 
gonadotrophic hormones. Burdick ~ ~. (1943) found that 
one subcutaneous injection of chorionic gonadotrpphin resulted 
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in ovulation within 24 hours. The response in terms of num-
ber of eggs released varied with the age and condition of the 
female, but not with dosage as long as the minimum of 2.5 I.U. 
was administered. Burdick and Whitney (1941) found that ovu-
lation resulted within 15 hours from a single injection of hu-
man chorionic gonadotrophin. Pregnant mare serum extract has 
also been found to induce ovulation although the time lapse 
between injection and ovulation can reach 72 hours. (Cole~~., 
1940). More recent work by Runner and Palm (1953) and Fowler 
and Edwards (1957) indicate that a priming subcutaneous injec-
tion of pregnant mare serum followed in 36 to 48 hours by human 
chorionic gonadotrophin intraperitoneally result in ovulation 
in 11 to 15 hours after the.last injection. According to Run-
ner and Palm, the minimum dosage appears to be 1 I.U. pregnant 
mare serum and 2 I.U. human chorionic gonadotrophin with no 
difference in response as the doses increase above the minimum. 
Fowler and Edwards, however, found the normal number of eggs 
released if either 1 I.U. pregnant mare serum and 2 I.U. human 
chorionic gonadotrophin or 3 I.U. of each were administered. 
However, if the dosage was increased beyond this point, super-
ovulation occurred. The super-ovulated eggs were normal, in 
that development to term could take place, although many more 
eggs were ovulated than fetuses brought to term. They attribute 
the resorption of many of the embryos to physical space re-
quirements within the uterus. 
Hormonal ovulation in this manner is superimposed upon 
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'the normal estrous pattern. The pregnant mare serum aids in 
maturation of the oocytes and the human chorionic gonadotro-
phin seems to be responsible for the rupture of the follicle 
and release of the egg. Since the time of ovulation can thus 
be fairly accurately estimated, the age of any embryos which 
result from mating after the gonadotrophins have been admin-
istered can likewise be established. 
The Mouse Ovum Before and After Fertilization 
Lewis and Wright (1935) found the average diameter of 
mature ovarian eggs to be 95~. After fertilization, the ex-
pansion of the zona pellucida swells the total diameter to 
about 113~. After entry of the egg by a single spermatozoan, 
the perivitelline space is created due to shrinkage of the 
v~tellus and expansion of the zona (Pincus, 1936). After 
the second polar body is extruded, the male and female pro-
nuclei move toward each other in preparation for the break-
down of the nuclear walls and first cleavage. 
The first cleavage occurs about 24 hours after copulation 
while the eggs are in the oViduct. Subsequent cleavages occur 
at 12 hour intervals while the eggs are moving slowly toward 
the uterus. Passage into the uterus occurs at about 72 to 
90 hours followed shortly by the transformation of the morula 
into the blastula by formation of an eccentric blastocoele 
and inner cell mass (Burckhard, 1901). 
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'Nucleic Acids in the Mouse Ovum and Embryo 
~~mmalian eggs, in contrast to those of other vertebrate 
and invertibrate forms, undergo cleavage at an exceedingly 
slow rate. This may be an underlying cause of some of the un-
usual patterns of biochemical development seen in mammalian 
embryos. For example, nucleoli are found in mammalian pronu-
clei and early cleavage nuclei. ln amphibian embryonic clea-
vage, incorporation of precursor compounds into nucleic acids 
is a nuclear process. In mammals, however, the early presence 
of RNA-rich nucleoli may be an indication of cytoplasmic activ-
ity under nuclear control (Brachet, 1960). 
During oogenesis, RNA is found in the cytoplasm as well 
as in the nucleolus. As the oocyte grows, RNA, which was most 
concentrated at the rim of the nucleus, begins to be concen-
trated along the outer circumference of the cell. These three 
foci, the nucleolus, the perinuclear layer, and the cortical 
cytoplasmic layer, remain the prime areas of RNA concentration 
during cleavage, although this nucleic acid can be demonstrated 
throughout the hyaloplasm. As development proceeds, RNA is 
actively synthesized in the mesoblast and induced parts of the 
ectoblast (Brachet, 1960). 
Alfert (1950) indicates that although the cytoplasmic RNA, 
pronounced in the early growing oocyte and early implanted 
embryo, is reduced in the grown oocyte and cleavage cell, the 
cellular content may be merely showing the result of dilution 
29. 
as the growth rate of the cell exceeds the rate of RNA synthe-
sis. 
Methods of cytochemistry and/or histochemistry have been 
used to yield quantitative information about the DNA content 
of the mouse egg. The data, however, are in arbitrary units 
with one cell designated as a reference. The primary techniques 
have been 1) the staining of cell with Feulgen reagent and mea-
suring the intensity of the stain by microspectrophotometry 
(Stowell, 1945), and 2) semi-quantitative autoradiography, i.e. 
counting the silver specks on a photographic film produced by 
disintegrations of radioactively labeled molecules within the 
cell. 
Moricard (1949), using Feulgen staining, concluded that 
the mouse oocyte is lacking in DNA. Alfert (1950) pointed out 
that the mean volume of the mouse oocyte nucleus grows from 
438p3 to 6010p3, and that cytochemical procedures can yield 
misleading data if the signifiacnce of concentration of a sub-
stance per unit area in a cell is not carefully considered. 
Thus, because of its diffuse nature, the DNA studied by Mori-
card was most probably below the minimum concentration detec-
table by the procedure used. 
Alfert (1950) reported 1.59 units of DNA in the female 
pronucleus of the fertilized mouse egg as opposed to 3.10 units 
per cell in the 2 cell stage. Swift (1950), using a similar 
' technique of photometric measurement with Feulgen staining, 
showed that liver cells can contain 3.34, 6.77, and 13.2 arbi-
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~rary units of DNA, exhibiting the polyploid condition. Sper-
matids contained half the DNA of secondary spermatocytes or 
other diploid cells such as those from the kidney tubules or 
small intestine epithelium. Primary spermatocytes contained 
4X the amount of DNA found in the spermatids. The same results 
were obtained using frog tissues, all of which pointed to the 
tradional concept of constancy of the DNA in the diploid state 
in somatic cells, and the haploid state in the gametes. 
Using adenine-8c14 tracer to label DNA, Sirlin and Edwards 
(1958) reported uptake at the beginning of prophase in mouse 
ovarian oocytes. Labeled pronuclei showed increased radioac-
tive uptake with time up to the 2 cell stage which was the last 
stage studied. In contrast, Atlas~ al.(l960), using tritiated 
thymidine, indicated no labeling of embryos until the eleventh 
day of development. They found no developmental abnormalities 
due to the radioactive tracers. 
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,Biochemical Determination of Nucleic Acid Content of Animal Cells 
Methods of Analysis 
For absolute measurement of nucleic acid content, bio-
chemical techniques must be used. The techniques of nucleic 
acid isolation must be rigorous, but the state of the nucleic 
acid molecule is not of prime importance since only a portion 
of the molecule, such as hydrolyzed nucleotide residues or 
phosphorus, is needed for measurement. The main techniques 
are those of Schmidt and Thannhauser (1945), Schneider (1945), 
and Ogur and Rosen (1950). 
1. In the Schmidt-Thannhauser procedure the acid soluble 
compounds are extracted from tissue homogenates with perchloric 
or trichloracetic acid. Lipids are removed by extraction with 
ethanol, ethanol-chloroform, or ethanol-ether. OVernight diges-
tion with lN NaOH or KOH followed by acidification with per-
chloric or trichloracetic acid effects solubilization of the 
RNA nucleotides, leaving DNA and protein in the precipitate. 
DNA is extracted from the precipitate with hot trichloracetic 
acid. The quantity of each nucleic acid can be determined by 
ultraviolet absorption at 260mp by virtue of the purine and 
pyrimidine absorptivities, or phosphorus in the various frac-
tions can be analyzed. 
Schmidt ~ al. (1948) modified the procedure for use 
with Arbacia eggs. One percent egg albumin was added after 
acidification of the alkaline digest to precipitate the DNA 
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~ore completely. Scott ~ §1. (1956) have modified the original 
procedure for use with microgram amounts of tissue in sections. 
They acidified the alkaline digest with HCl to avoid the for-
mation of insoluble perchlorates. Working with rat liver, 
kidney, and spleen, they obtained good agreement in comparisons 
with the macro-methods. Collier, however, reported incmmplete 
RNA separation when using this method for snail eggs (Collier, 
1960). 
2. In the Schneider technique, the acid soluble com-
pounds and lipids are removed with trichloracetic (or perchlor-
ic) acid and ethanol (or ethanol-chloroform or ethanol-ether). 
Both nucleic acids are extracted tegether with 90°C. perchloric 
acid. Since this treatment hydrolyzes bases from both nucleic 
acids, color reactions for the sugars must be used. The mea-
surement of 2-deoxyribose may be made by its color reaction 
with diphenylamine (Disc he, 1930) ; ribose can be measured by. 
reaction with orcinol (Mejbaum, 1939). 
Schneider (1946) compared his method with that of Schmidt 
and Thannhauser (1945) and obtained close agreement in the 
dual tests. 
3. The procedure of Ogur and Rosen was designed to de-
termine very small quantities of DNA and RNA in plant root 
tips and pollen eels. After extraction with perchloric acid 
and ethanol, the tissue residue is treated overnight with lN 
perchloric acid at 4°C. This treatment will extract only RNA. 
DNA is obtained by extraction with hot perchloric acid. The 
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nucleic acid can be measured separately by ultraviolet ab-
sorption, or DNA can be measured by the diphenylamine reaction 
of Dische (1930). 
The effectiveness of RNA extraction with cold acid must 
be determined for each tissue used. 
Collier (1960) has adapted this technique for use with 
snail egg RNA and used a micromodification of the diphenylamine 
reaction for estimation of DNA (Collier and McCann-Collier, 
1962). 
Two microtechniques which are not based on any of the pre-
ceeding methods are 1) ionophoretic separation of RNA (Edstrom, 
1953b; 1954), and 2) microbiological assay (H~ff-Jorgensen, 
1952; H,Sff-Jorgensen and Zeuthen, 1952). Edstrom (1954) dis-
sected out individual nerve cells from fixed tissue, sectioned 
the cell at 70p and mounted the sections on a cover glass which 
was placed in liquid paraffin in an oil chamber. The cell was 
extracted with buffered ribonuclease and the extract evaporated 
to free it from the buffer. The extract was then hydrolyzed 
and the nucleotides separated by ionophoresis on a copper-silk 
fibre placed on a quartz slide. The fibre was then photographed 
in monochromatic light of 257 and 275~ to yield bands of var-
ious intensity representing the various cellular nucleotide 
concentrations of RNA. By this method he found that the con-
centration of RNA in rabbit nerve cells varied from 200 to 1000 
picograms (pgm) ~Edstrom, 1953a; 1953b). 
H~ff- ~rgensen (1952) found that Thermobacterium acido-
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philus R26 has a specific nutritional requirement for deoxy-
riboside which can not be satisfied by vitamin s12 or liver 
extracts. The growth curve of the organsim after 24 hour 
incubation with sodium hydroxide-deoxyribonuclease extracts 
of DNA from frog eggs was observed by turbidity measurements 
with a colorimeter. This deoxyriboside linkage specificity 
can be used as a bio-assay for micro quantities of DNA (H~ff­
Jorgensen and Zeuthen, 1952). Elson and Chargaff (1952) used 
a similar technique with sea urchin gametes. 
DNA and RNA in Animal Cells 
These techniques have been applied to homogenized organs 
and tissues with results expressed in terms of RNA and/or DNA 
per unit weight of tissue (Da~son ~ ~., 1951; Schmidt and 
Thannhauser, 1945). 
Studies on the quantity of nucleic acid on a per cell 
basis have been limited to leucocytes, and eggs and embryos 
of invertebrates and amphibians. Under the assumption that 
all DNA is located in the nucleus, nuclear suspensions of 
various tissues have been analyzed. 
Davidson~ al. (1951), using the Schmidt-Thannhauser 
technique for separating nucleic acids in human leucocytes, 
found 2.5pgJ;Jl•. J.NA and 7 .3pgm. DNA per cell. Metais ~ al. 
(1951), using the Schmidt-Thannhauser and Schneider techniques 
with leucocytes of ox, pig, dog, .man , and sheep found 6.7- 6.9 
pgm. DNA per leucocyte. The RNA values differed between ani-
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mals; human- 7.4pgm., sheep- 6.8pgm., dog- 6.5pgm., pig- 9.2 
pgm., ox- 8.4pgm. In adiition, the RNA values fluctuated widely 
during leukemia and Hodgkin's disease. 
Boiven ~ ~. (1948) and Vendrely and Vendrely (1948) 
analyzed nuclear suspensions of beef tissues using the Schmidt-
Thannhauser procedure. The amount of DNAper nucleis in thy-
mus, liver, pancreas, and kidney varied between 5.6-6.9pgm.,with 
&pebmEpzoa yielding 3.3pgm./nucleus. Mirsky and Ris (1949) re-
ported 6.8 to 7.15pgm. DNA in beef kidney and thymus nuclei. 
They also analyzed frog and toad erythrocytes, liver, and sper-
matozoa. The toad spermatozba had about half the DNA of toad 
erythrocytes (3.10:7.33pgm.). Mirsky and Ris (1951) analyzed 
liver, kidney, and pancreas nuclei of cattle and obtained re-
sults similar to those of Boiven et ~. (1948). Davidson~~. 
(1950) studied isolated nuclei of the developing chick using 
the Schmidt-Thannhauser procedure. Erythrocytes, liver, kidney, 
spleen and pancreatic nuclei contained between 2.20-2.60pgm. 
DNA. In addition, good agreement was ,found , in comparing 
results obtained by ultraviolet absorption ~f purine nucleo-
tides with the diphenylamine reaction. Thompson~ Al.(l953), 
working with rat nuclei, found that non-hepatic tissue yielded 
6.7-7.2pgm. DNA per nucleus. Liver nuclei averaged 9.3pgm. 
The RNA content of the nucleus varied with the tissue: lung-
0.3pgm., small intestine- 2.4pgm; Diet and carcinogenic treat-
ment also caused variation in the RNA per nucleus. Mcindoe 
,and Davidson (1952), analyzing ox and rabbit nuclei, found 
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6.5pgm. DNA per average rabbit nucleus and 7.1pgm. per average 
ox nucleus. 
Four concepts seem to be evident from these studies: 
1) The DNA content per diploid cell is constant within a 
species. 2) The RNA content per cell varies with the tissue 
of origin, animal, and dietary and other external conditions. 
3) The amount of DNA per cell in tissues with polyploid cells, 
e.g. liver, varies in relation to the chromosome set number 
of the cell. 4) Mammalian diploid cells generally average 
6-7pgm. DNA. 
Evidence of constancy of DNA per cell within a species 
is contradictory when ova and embryos are considered, however. 
Stich (1962) has found that 5 times the normal diploid amount 
of DNA is synthesized in oocyte nuclei of Cyclops strenuus. 
This five-fold increase in maintained until the 16 cell stage. 
Later stages show the normal diploid amount. 
Chen (1959), analyzing eggs and embryos of three species 
of urodele by a combination of the Schmodt-Thannhauser and 
Ogur-Rosen methods, found that the content of RNA and DNA per 
embryo remained constant from fertilization until the late 
Qlastula stage. Rapid synthesis of DNA and a slower increase 
in RNA took place during gastrulation and neurulation with 
variation between the species. Immediately after fertiliza-
tion the amount of DNA per embryo (1 cell) was 1.1, 1.5, or 
2.4~g., depending on the species. At the end of neurulation 
~hese figures are 7.4, 5.3, and 8.4pg. respectively, or a 3.4 
37. 
to 6.7 fold increase, although the cellular increase is in 
the thousands. RNA per embryo varied with species (1.9, 2.7, 
and 3,4pg. at fertilization) and at neurulation showed a 1.3 
to 1.9 fold increase. Mirsky and Ris (1949) ana~yzing adult 
frog cell nuclei demonstrated DNA values at the picogram level. 
H~ff-Jorgensen and Zeuthen (1952), using the microbiolo-
gical assay for DNA in frog eggs and embryos also found a 
great excess. The unfertilized, mature egg contained 0.065~g. 
DNA, and no synthesis of new DNA eccurred until late in the 
blastula stage. A sharp increase took place at that time, 
with another large increase at neurulation. The rate of syn-
thesis then leveled off. Tqe spermatozoa contained 12x1o-9mg. 
DNA per cell of 5000 times less than the unfertilized egg. 
The pronuclear volume in both egg and spermatozoan was 2.3xlo-5 
~1. This volume is not large enough to contain all the egg 
DNA even if no other substanc~were in the nucleus. Subse-
quently DNA was located in the cytoplasm of enucleate eggs in 
large amounts. H~ff-Jorgensen (1952) obtained statistically 
good results in comparisons of his technique with the standard 
ones, hence the excess DNA is not an artifact of technique. 
Collier (1960) used a modified Ogur-Rosen technique for 
determination of RNA in snail eggs. The RNA content per egg 
was 4.4xlo-3pg. Using a modification of the diphenylamine 
reaction for determining DNA, Collier and MCCann-Collier (1962) 
found 3.3pgm~ per spermatozoan, 428pgm. per mature, unfertilized 
egg, and 867pgm. at the 25 cell stage of the embryo. Synthesis 
' 
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cf DNA began at a time equivalent to gastrulation in the frog, 
and was at a rate exceeding that of cleavage. 
Hinegardner (1961), using a microbiological assay and 
diphenylamine -reaction, measured the DNA in the nucleus of 
the sea urchin egg. He found 0.89pgm. per egg nucleus and 
0.84pgm. per spermatozoan. Other data, however, from Arbacia 
egg analyses are contradictory. Marshak and Marshak (1953) 
using the Schmidt-Thannhauser procedure to separate RNA from 
DNA, and an isotope dilution mwthod to determine DNA, found 
8pgm. per egg, and 0.79pgm. per spermatozoan. RNA content, 
determined by chromatography, was 2.4x1o-3~g. per egg. Since 
Feulgen staining was also done, with completely negative re-
sults, Marshak and ~~rshak consider what they analyzed to be 
low molecular nucleotide precursors located in the cytoplasm. 
Vendrely and Vendrely (1949), measuring DNA by desoxypen-
tose levels, found 220pgm. DNA per Arbacia egg. Their measure-
ments of spermatozoa agree with the above investigators, i.e. 
0.67pgm. per Arbacia spermatozoan and 0.70pgm. per Paracentro-
~ spermatozoan. Elson and Chargaff (1952), using a microbio-
logical method, found 1pgm. per spermatozoan of the sea urchin 
Paracentrotus lividus and 25pgm. in the egg. Elson et al. (1954), 
using the Schmidt-Thannhauser method for separation of acids 
with summation of nucleotide fractions, again found 1pgm. DNA 
in the f. lividus spermatozoan and 20 to 30pgm. in the unfer-
tilized egg. Analysis of nuclear suspensions of adult cells, 
however, yielded data of 2pgm. per diploid nucleus. At 10 hours 
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the DNA per whole embryo was consistent with the diploid amount 
per cell. RNA analyses yielded values of 6xlo-3~. just after 
fertilization. By gastrulation the RNA content per cell had .. 
risen and leveled off at 7 to 8xlo-3pg. Schmidt ~ ~. (1948) 
analyzed the DNA and RNA phosphorus after separating the acids 
by the Schmidt-Thannhauser procedure. They found 21 to 30pgm. 
per Arbacia spermatozoan and 600 to 1000 per Arbacia egg. In 
contrast to Elson's ~ ~. (1954) data of 1800pgm. in the 10 
hour embryo, 3400pgm. was found in the 8 hour embryo. The ana-
lyses of RNA are also at variance. Sch&idt repo~ted 22xlo-3pg. 
as opposed to Elson's 6xlo-3pg. 
Although the techniques used and the results obtained 
with sea urchins varied, one fact is abundantly clear: DNA 
is not present in the nhaploid" amount in the egg. The excess 
DNA may be used as a storehouse against needs during rapid 
cleavage, but this remains to be proved since agreement has 
not been reached on the total amount of DNA present upon ini-
tiation of BNA synthesis. 
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METHODS AND MATER!ALS 
Source and Care of Mice 
Virgin female and male white, Swiss mice were obtained 
from the Woodward Animal Farm, Wayland, Massachusetts. Upon 
delivery, the mice, which were between 6 and 8 weeks old, were 
placed 6 to a cage. They were given laboratory chow and water 
~ libitum. No animals older than 14 weeks were used in the 
experiments. 
Hormonal Synchronization of Qvulation and Fertilization 
Females were injected subcutaneously with 10 I.u. preg-
nant mare serum (Equinex-Ayerst Laboratories). 48 hours later 
a 10 I.U. ovulating injection of human chorionic gonadotrophin 
(APL- Ayerst Laboratories) was administered intraperitoneally. 
If fertilized ova were desired, two injected females were placed 
with a male. Mating was confirmed by evidence of a vaginal 
plug. If unfertilized ova were to be obtained, six injected 
females were placed in a cage. 
Removal of Ova or Embryos from the Qyiduct 
Assuming that ovulation had occurred 12 to 15 hours after 
injection of human chorionic gonadotrophin, the animals were 
anaesthetized with 0.1cc. clinical sodium pentabarbital (sodium 
Nembutal, 50mg/ml.- Abbott) when the eggs were at the desired 
$tage. A dorsal incision was made, the ovary, oviduct, and 
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,upper end of the uterus extEnded, removed, and placed in ice 
cold mammalian Ringer solution. Under a dissecting microscope, 
the ovarian capsule was broken and the ovary gently pulled 
away from the oviduct. The ovary was examined for the prer 
:ence of corpora hemorrhagica and the oviduct for the presence 
of ova. If the ova had been ovulated within 24 hours, they 
were usually located in the ampulla. This portion of the ovi-
duct is thin walled and becomes greatly distended if ova are 
present. Indeed, it was possible to see the ova surrounded 
by a halo of cunulus cells within the ampulla. If the ova 
had been ovulated more than 24 hours previously, they had moved 
farther along into the coils of the oviduct. The location 
could usually be detected by peristaltic movement, slight dis-
tension, and greater transparency in the coil containing the 
ova. The oviduct was then punctured at the site of the ova, 
and the ova, in their mucous clump, removed by slight pressure 
on the surrounding oviduct walls. The eggs were then trans-
ferred by means of a micropipette to a depression slide and 
covered with a solution of 1 part 0.1% hyaluronidase to 1 part 
Ringer solution. After 4 to 5 minutes, the hyaluronidase had 
effected the separation of the ova from any cumulus cells. 
The ova were then counted, the required number sorted out, 
washed with cold Ringer solution, transferred to a micro-reac-
tion tube, and frozen until needed. 
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,Procedure for Radioautographic Studies 
Two tracer compounds were used in this study: tritiated 
thymidine for DNA labeling and tritiated uridine for RNA la-
beling. 1 microcurie tritiated thymidine per gram body weight 
was administered intraperitoneally concurrent with the preg-
nant mare serum in order to label DNA during meiotic division 
of the oocyte. 1 microcurie tritiated uridine per gram body 
weight was administered concurrent with the ovulating injec-
tion of human chorionic gonadotrophin. In no case were both 
tracers injected into the same animal. Studies were done with 
fertilized and unfertilized ova. 
At the desired time, the animal was anaesthetized as 
described above and the oviduct removed. The entire oviduct 
was quickly placed in Carnoy's fizitive (1 part glacial acetic 
acid to 3 parts absolute ethanol) for 40 minutes, dehydrated 
in one change of 95% ethanol and two changes of absolute eth-
anol for 45 minutes each, and cleared in cedarwood oil for a 
minimum of 15 hours. The tissues were then infiltrated and 
embedded in paraffin, sectioned at &P,and placed on slides 
coated with Myer's albumin-glycerine. One sample of non-radio-
active tissue was processed with each group of experimental 
tissues. 
The paraffin was then removed with xylene treatment for 
45 minutes, and the tissue taken down through the alcohols 
to water. After remaining in water for 10 minutes, the slides 
. were removed and excess water allowed to drain off. In this 
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state, the slides were brought to a light-proof dark room. 
In the dark room, maintained at 18-20°C., Kodak Nuclear 
Track Bulk Emulsion NTB3, in its original flask, was allowed 
to melt in a 4ooc. water bath. This usually took 1 hour. 
The melted emulsion was poured into a beaker just wide enough 
to accomodate the size of slide used, and the beaker then 
placed in the water bath. A clean, blank slide was dipped 
into the emulsion, examined for air bubbles, and redipped 
until no air bubbles appeared in the emulsion coating the 
slide. During this and all other dark room procedures, a 
Wratten #2 safelight at a distance of 3 to 4 feet from the 
work area was used. 
The slides bearing sections were dipped into the emulsion, 
one at a.: time, care being taken not to cover the slide label 
with emulsion. After dipping, the slides were held over the 
beaker for 1 or 2 seconds for excess emulsion to drain, the 
underside of the slides wiped clean with paper towelling, 
and allowed to remain in a vertical position for 2 hours or 
until dry. 
The coated slides were then placed in a slide box con-
taining 25g. Drierite wrapped in cheesecloth. The box was 
sealed with black electrical tape, wrapped in black paper, 
and placed in the refrigerator (4-7°C.) with the emulsion 
coated side of the slides facing upward. The duration of 
exposure was 1 month. 
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After exposure, the slides were removed from the slide 
boxes and placed, in the dark room, in slide carriers. Fresh-
ly prepared Kodak Dektal developer and Kodak acid fixer with 
hardener were maintained at 17-18°C. The autoradiographs 
were developed for 2 minutes, passed through distilled water, 
fixed for 3 minutes, and washed in slowly runni~g,cold water 
for 15 minutes. 
In the light, the sections were then dehydrated in 1 
change each of 50% and 95% ethanol, and 2 changes of absolute 
ethanol for 5 minutes. each, and placed in xylene in prepara-
tion for mounting with Canada balsam. 
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Quantitative Methods 
Procedure #1- Determination of Nucleic Acids in Eight and 
Sixteen Blastomere Embryos 
Procedure #1 was adapted from the Collier (1960) technique. 
Microreaction tubes containing pooled and frozen eight or six-
teen blastomere embryos in mammalian Ringer solution were al-
lowed to thaw and were then centrifuged to pack the cells. 
The excess Ringer solution was withdrawn, examined microscopi-
cally for absence of embryos, and discarded. A thin glass rod 
attached to a Misco vibrator was introduced into the remaining 
drop of solution containing the embryos in order to homogenize 
the cells. The chemical procedure was as follows: 
1. The homogenate was cooled to 4°C. amd washed 3 times 
for 5 minutes each with 100~1. 0.2N perchloric acid (PCA). 
Each time the contents were stirred, centrifuged for 3 to 4 
minutes, and the washings withdrawn and discarded. 
2. Lipid extraction was accomplished with 2 washes of 
100~1. ethanol-ether (3 volumes 95% ethanol: 1 volume ethyl 
ether) for 15 minutes each. After each washing, the tubes 
were stirred, centrifuged, and the supernatant fluid withdrawn 
and discarded. 
3. Lipid extraction was completed by the addition of · 
100~1. chloroform for 15 minutes at 35-40°C. The tubes were 
stirred, centrifuged, and the supernatant fluid discarded. 
4. 100pl. 1N PCA was added to the precipitate and the 
~tubes were allowed to remain at 4°C. for 24 hours. After 
stirring~and centrifuging, the supernatant fluid was with-
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~rawn into a 200~1. pipette • 
5. 50nl. iN PCA was added to the sediment. The contents 
were stirred, centrifuged, and the supernatant fluid was with-
drawn into the same 20Qul. pipette used in step 14, above. This 
pipette was then filled to volume with 1N PCA and reserved as 
the RNA fraction. 
6. 25pl. 0.3N PCA was added to the residue, the contents 
stirred, centri8uged, and the supernatant fluid discarded. 
7. 50~1. 0.5N PCA was added to the sediment. The test 
tube was stirred and placed in a 7ooc. water bath for 10 minutes. 
After additional stirring, the contents were centrifuged and 
the supernatant fraction withdrawn into a 100~1. pipette. 
B. 25~1. 0.5N PCA was added to the sediment, the tube 
stirred, centrifuged, and the washings withdrawn into the lOOpl. 
pipette retained in step #7 above. This pipette was then filled 
to volume with 0.5N PCA and reserved for measurement as the DNA 
fraction. 
9. The contents of the reserved pipettes were transferred 
to microcuvettes for determination of absorption at 260~ in a 
Beckman DU spectrophotometer. The RNA fraction was measured 
against a blank containing l.ON PCA. The DNA fraction was mea-
sured against a· blank containing 0.5N PCA. Each determination 
was done in duplicate with test tubes either containing the 
same number of embryos or one tube having a multiple of frac-
tion of the other. 
10. In adiition to the unknowns, 3 standard solutions 
~of each nucleic acid were carried through the procedure. The 
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,DNA standards were obtained by dissolving salmon sperm DNA 
(Nutritional Biochemicals) in hot O.SN PCA and diluting to 
the following concentrations: 0.7pg/10Qul., 0.8pg/100pl., 
0.9ps/100pl. The RNA standards were prepared by dissolving 
yeast RNA (Nutritional Biochemicals) in cool IN PCA and dilu-
ting to the following concentrations: l.OOpg/lOOpl., 1.20pg/100pl~ 
1 • Spg/ 1 OOpl. 
11. 3efore each determinatio~the pinhole diaphram, 
microcuvette holder, and microcuvettes of the Lowry and Bes-
sey (1996) attachment ware tested for alignment and minimum 
volume. With the pinhole in place, a standard solution of 
K2Cr02 (O.lmM diluted to 1 liter with O.OSM KOH) was added to 
a macrocuvette. 100Jll. was pipetted into a microcuvette and 
both measured for absorption at 374~. If the microcuvette 
deviated from the macrocuvette reading by more than 2%, the 
micro attachments were adjusted until the 2% limit was reached,. 
(As suggested by Scott~~., 1956). 
12. Pipettes and test tubes were siliconized by coating 
with a solution of Siliclad (Siliclad, Inc.) after being cleaned 
with acid. 
Procedure #2- Determination of Nucleic Acids in Ova and 1, 2, 
and 4 Blastomere Bmbryos. 
For analysis of DNA and RNA in unfertilized ova as well 
as very early embryos, procedUre #1 was modified by using an 
enrichment method for DNA and concentrating the RNA fraction. 
The analysis followed procedure #1 through the lipid ex-
I 
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traction (step 3). The precipitate was incubated for 24 hours 
at 4ooc. with 50pl. lN PCA. After stirring and centrifuging, 
the supernatant fluid was withdrawn into a lOOpl. pipette. The 
precipitate was washed with 25~1. lN PCA and the supernatant 
fraction withdrawn into the same lOOpl. pipette which was then 
taken to volume with lN PCA. This constituted the RNA fraction. 
2~1. 0.3N PCA was added to the residue, the contents 
stirred, centrifuged, and the supernatant fraction discarded. 
30~1. 0.5N PCA was added to the residue, the mixture stirred. 
and placed in a 7ooc. water bath for 10 minutes. After addi-
tional stirring, the test tube was centrifuged and the super-
natant fluid withdrawn into a 50pl. pipette. lOpl. 0.5N PCA 
was added to the residue, the tube stirred, centrifuged, and 
the washings withdrawn into the same 50pl. pipette. The pipette 
was then filled to volume with 0.5N PCA. 
An enrichment solution was prepared by dissolving DNA 
(Nutritional Biochemicals) in 90°C. 0.5N PCA so that the con-
centration was 0.050g. DNA/liter. The 50pl. pipette containing 
the DNA fraction was transferred to a microcuvette. 50pl. of 
the enrichment solution (2.50pg/5Qul.) was added to the same 
microcuvette. 50pl. of the enrichment solution and 50pl. 0.5N 
PCA were pipetted into a second microcuvette for determination 
of optical density at 260mp. Both solutions were measured 
against a blank containing 0.5N PCA, the difference between 
the enrichment solution and the enrichment solution plus un-
known being due to the unknown. Three known solutions with 
'COncentrations of 2.45, 2.50, and 2.55pg. DNA per lOOpl. were 
used. 
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The RNA fraction was measured as in procedure #1. Again, 
the standard solutions were of the following concentrations: 
1, 1.2, and 1.5pg. RNA per 10Qpl. 
All glassware was scrupulously acid cleaned and freshly 
siliconized. The microattachments were adjusted in the usual 
manner. 
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£ESULTS 
auantitative Results 
1. The Unfertilized Ovum. The ultraviolet absorption 
curves of RNA (Figure 1) and DNA (Figure 2) extracts of the 
ovum are typical for those of nucleic acids, with an absorp-
tion peak at 26011Jl and mi:himum absorption at 230ql. The ab-
sence of any inflection at 280~ is indicative of minimal con-
tamination with protein. The correlation between number of 
ova and optical density at 260~ is shown in Figure 3. 
Six determinations with ovulated and unfertilized ova 
were performed according to procedure 12 (page 47). The re-
sults are summarized in Table I. 
Table I 
DNA and RNA Content of the Unfertilized 
Mouse Ovum 
Number of Eggs 
Per Determination 
600 
600 
600 
600 
700 
850 
3950 
DNA Content per 
Ovum. Jlsx1o-o 
45.0 
43.3 
45.0 
46.7 
48.6 
45.9 
Mean 
tsE 45.8±.62 
DNA per Cell 
RNA per Cell 
45.8x1o-6Jlg. 
17.5x10""4.Jlg. 
RNA Content p~r 
Ovum. )lg.x1o-
17.4 
17.4 
17.4 
17.7 
17.4 
17.6 
17.5%.06 
• 
Figure I 
RNA Absorption Curve 
.100 
0 
Figure 2 
DNA Absorption Curve 
.300 
230 240 270 
Figure 3 
Correlation of Number of Ova 
With Optical Density at 260mu 
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2. The One Blastomere Embryo. The one blastomere embryos 
were analyzed in the same manner as the unfertilized ova. The 
curves for each nucleic acid fraction had the same shape as 
Figures 1 and 2, and the correlation of optical density with 
number of eggs was again linear. SiA determinations were per-
formed, with the results shown in Table II. 
Table II 
DNA and RNA Content of the One 
Blastomere Mouse Embryo 
Number of Embryos 
Per Determination 
600 
600 
650 
750 
750. 
4000 
DNA Content pgr 
Embryo.pgx1o-
46.7 
51.7 
50.0 
46.7 
48.0 
Mean 
±sE 49.o±.aa 
DNA per.Cell 
RNA per Cell 
RNA Content p~l. 
Embryo.pgxlo-4 
49.0x1o-6JJg. 
16.8x1o-4pg. 
17.2 
17.3 
16.6 
16.3 
16.7 
16.8±.16 
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3. The Two Blastomere Embryo. The determinations of 
two blastomere embryos are tabulated in Table III. Corre-
lation between optical density and number of embryos was 
linear, and the ultraviolet absorption curves were of typia 
cal shape with maximum absorption at 260~ and minimum ab-
sorption at 230~. 
Table III 
DNA and RNA Content of the Two 
Blastomere Mouse Embryo 
Number of Embryos DNA Content per RNA Content pez 
Per Determination Embryo .pgxl 0 -6 Embryo.)lgx1o-4 
600 46.6 18.2 
600 50.0 17.8 
600 45.0 18.0 
600 51.7 18.3 
700 48.6 18.0 
800 46.3 18.5 
Mean 
3900 i"SE 48.0±1.03 18.1*.10 
DNA per Cell 24.0xlo-6pg. 
RNA per Cell 9.05xlo-4pg. 
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4. The Four Blastomere Embryo, Determinations of four 
blastomere embryos are tabulated in Table IV. Linear corre-
lation was observed for optical density vs. number of em-
bryos. Absorption curves were normal. 
Table IV 
DNA and RNA Content of the Four 
Blastomere Mouse Embryo 
Number of Embryos 
Per Determination 
300 
350 
400 
400 
_2L 
1950 
DNA Content pgr 
Embryo .. pgx1o-
83.3 
85.7 
82.5 
85.0 
84.0 
Mean 
±sE 84.1*.57 
DNA per Cell 
R.NA per Cell 
R.NA Content p~x 
Embryo.)lgx1o-
21,0x1o-6pg. 
5,0x1o-4Jlg. 
20.0 
19.7 
20.0 
20.3 
20.2 
20.0*.11 
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5. The Eight Blastomere Embryo. The DNA and RNA can-
tents per eight blastomere embryo are shown in Table V. De-
terminations 1 and 2 were performed using technique #1. In 
order to obtain evidence for validity of technique #2, two 
samples (determinations'3 and 4) were analyzed by the latter 
method. 
Table V 
DNA and RNA Content of the Eight 
Blastomere Mouse Embryo 
Number of Embryos 
per Determination 
til. 2500 
(1250) 
(1250) 
#2. 2500 
(1250) 
(1250) 
113. 150 
#4. 17 5 
5325 
DNA Content per 
Embryo.pgx1o-5 
16.8 
17.2 
15.3 
16.0 
Mean 
±sE 16.3±.56 
DNA per Cell 
RNA per Cell 
RNA Content p~r 
Embryo.)lgx1o-
20.4x1o-6)1g. 
2xlo-4pg. 
16.0 
15.8 
16.2 
16.0 
16.o±.o9 
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~. The Sixteen Blastomere Embryo. The DNA and RNA con• 
tents of the sixteen blastomere embryo is shown in Table VI. 
After extraction of RNA from 2 samples, each containing 1000 
embryos, the samples were pooled, providing 2000 embryos for 
DNA determination• The ultraviolet absorption curves were 
normal, and linearity was observed for the correlation of 
optical density and number of embryos. 
Table VI 
DNA and RNA Content of the Six-
teen Blastomere Mouse Embryo 
Number of Embryos 
Per Determination 
1500 
1750 
2000 
(1000) 
(1000) 
5250 
DNA Content per 
Embryo.Jigx1o-5 
30.5 
31.0 
30.8 
Mean 
±sE 3o.st.Is 
DNA per Cell 
RNA per Cell 
RNA Content per 
Embryo.)lgx1o-5 
19.3x1o-6J.lg. 
5.04xlo-5)lg. 
79.3 
80.6 
83.0 
80.0 
80.7±.79 
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Results of Autoradiographs and Phase Contrast Microscopy 
1. Tritiated THymidine Studies. The radioactive thymi-
dine was incorporated into the ova as well as into many folli~t 
cells. It was difficult to compare amounts of activity be-
tween these two types of celL because of vast differences in 
cell and nuclear size. In the ovarian oocytes, the label was 
predominantly found in the nucleusaalthough some cytoplasmic 
decay was noted. However, the background rate of radiation 
was sufficient to account for any cytoplasmic activity. The 
amount of label remained fairly con~tant through the one cell 
stage, although smaller nuclear size (as opposed to oocyte 
stages) caused a concentration of the activity. With sub-
sequent divisions, the amount of label per embryo remained 
level; the amount per cell declined. The activity was always 
most highly concentrated in the cell nuclei, with a few scat-
tered disintegrations in the cytoplasm. Development appeared 
normal indicating no harmful side effects due to the isotope 
in the quantities used. Various developmental stages are 
skown in Figures 4 and 5. 
2. Tritiated Uridine Studies. Radioactive uridine was 
also incorpo~ated into the ova and cumulus cells. However, 
the fates of each type of cell differed sharply. In the cumu-
lus cell, label was primarily cytoplasmic, although a small 
but significant amount appeared to be nuclear. In the newly 
ovulated, unfertilized ovum, the label was again primarily 
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~ytoplasmic. In the mated females with fallopian tubes re-
moved 16 hours after the chorionic gonadotrophin injection, 
the eggs were elongate and smaller then normal, with the label 
concentrated in the pulled-out ends of the cell. The labeled 
cumulus cells were normal. At 18 hours after injection, the 
ova had regained their normal size and were no longer elongate. 
Rather, they appeared as scallop-edged balls. The label was 
distributed through the cell. At 20 hours after injection, 
crevices appeared on the surface of the ova with the radioac-
tivity concentrated along the boundary of the crevices. By 
24 hours after injection, the ova had ruptured along the cre-
vice lines with label heavily concentrated along the breaks. 
No further stages were located, although oviducts were removed 
up to 60 hours post injection. In all cases, the cells of 
the oviducts appeared normal. 2 stages in the disintegration 
of the ova are shown in Figure 5. 
The photographs in Figures 4 and 5 were taken at the 
best focal distance for distinct visualization of the cells. 
Those grains which were out of focus were added by hand using 
India ink (see discussion, page68). 
FIGURE 4 
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a) Oocyte in ovary labeled 
with H3-thymidine. 
c) Pronuclear sta3e labeled 
with H3-thymidine. Note 
smaller male pronucleus. 
b) Slightly older oocyte la-
beled 'i.vith u3-thymidine. 
d) 2 blas5omere stage laoeled 
with H -thymidine. 
FIGURE 5 
a) 4 blastomere stage labeled with H)-thy-
midine. oth photo3raphs are of the 
same embryo. Note the three visible 
nuclei. 
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b) Ovum in oviduct 8 hours 
after ovulation. Note 
beginin0 of rupture with 
HJ-uriline label concen-
trat~' in that area. 
c) Ruptured ovum 12 hours 
afte~ ovulation. Label 
is HJ-uridine. 
, 
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_ DISCUSSION 
Induced Super-Oyulation 
Fowler and Edwards (1957) indicated that hormonal dosages 
of pregnant mare serum and human chorionic gonadotrophin above 
the minimum levels was followed by super-ovulation, the num-
ber of super-ovulated ova being directly related to dosage. 
In this study, the dose levels were held constant at 10 r.u., 
a rate exceeding Fowler and Edwards'. 3 I.U. minimum. Induced 
o~lation occurred in 87% of the injected females, which is 
consistent with their results. The average number of eggs 
obtained per ovulated female was 49; however the range of var-
iation was very wide. Animals obtained early in the study 
were used immediately upon receipt. The females were 6 to 8 
weeks old, and yielded 22 to 48 eggs each. Mice obtained from 
the same oreeding house later in the study were · not used for 
3 to 4 weeks after delivery. None of these 9 to 12 week old 
females ovulated less than 37 eggs; 60 to 65 ova per ovulating 
female were quite usual~ One female produced 94 ova. 
Assuming that the lots of hormone were equivalent, three 
factors may have caused the sharp differences observed. 1) On 
the basis of vaginal lavages, the females used came into ma-
turity at 6 to 8 weeks of age. Recently matured animals may 
be more refractory to hormone treatment than older animals, 
thus, in effect, raising the minimal dose level. 2) Permitting 
, the animals a rest period after the change in environment may 
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have caused increased response to the injected gonadotrophins. 
3) The mice were not of a highly inbred strain. The breeder 
may have later used highly productive animals in maintenance 
of his stock. In any case, the level of super-ovulation was 
affected by factors other than dosage. 
Some pregnancies resulting from induced super-ovulation 
were allowed to go to term. Larger than normal litters were 
delivered, but none was over 24. This would tend to validate 
Fowler and Edwards' (1957) assumptions that a) uterine space 
factors play a decisive role in determining the number of 
implanted embryos which will develop; b) ova which are re-
leased by hormonally induced ovulation are normal and equiva-
lent to naturally ovulated ones. 
64. 
Autoradiogaphy 
Technique 
Tritium,H3, is an isotope with a half-life of 12.3 years, 
decaying to He3 with release of low energyJ9 particles. The 
most energettc of the~ particles from H3 can travel 2 microns 
in photographic emulsion, with the average penetration only 
1 micron. The emitted radiation, upon entering the photogra-
phic emulsion, sensitizes silver bromide granules which are 
subsequently reduced to metallic silver by photographic devel-
oper. Approximately 20 disintegrations are needed to activate 
1 silver bromide grain, and 5 grains per locus is adequate for 
visual identification. Therefore, 100 disintegrations per locus 
~st occur for identification. At the rate of tritium decay, 
and using an incubation time of'1 month, 20,000 tritium atoms 
must be present per locus. The ~verage mammalian nucleus con-
tains 3xl09 thymine molecules, thus permitting labeling by tri-
tiated thymidine having reasonable specific activity. The 
cell contains at least as many uracil molecules incorporated 
in RNA, permitting adequate l~belng by that tritiated molecule 
also (Hughes, 1958). 
Friedkin ~ §1. (1956), studying the metabolism of thy-
' 
midine in embryonic tissues, found that the nucleoside is used 
almost entirely in DNA synthesis, and that DNA synthesis occurs 
in tissues containing many dividing cells. In addition, the 
normal exchange reactions undergone by other cellular compounds 
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does not occur in DNA. This immutability of the genic material 
means that once the DNA is labeled, it will stay labeled, and 
not exchange its radioactive hydrogen with other molecules. 
The label will however become diluted as the cell divides, and 
will ultimately be below the minimum concentration needed for 
silver bromide activation. 
The work of Chamberlin and Berg (1962) has shown that uri-
dine is incorporated into RNA, and since this nucleoside does 
not occur in DNA, the incorporation is RNA-specific. Baserga 
and Nemeroff (1962) demonstrated that after injection of la-
beled uridine, activity appears only in RNA. However, the prob-
lem of lo$$ of activity due to dilution by cell division is 
complicated in this case by the presence of some hydrogen trans-
fer reactions between the precursor molecules and other com-
pounds. Hence, in this study;; the labeled uridine was injected 
as closely as possible to recovery of tissue. Atlas ~ al. 
(1960) have shown that isotopes injected into the maternal 
system are not incorporated by the embryo"until placentation 
is well along. The only way, then, to obtain radioactive RNA 
in the early embryo is by labeling the RNA in the late oocyte 
stages before ovulation takes place, and discounting the small 
amount of transfer which will occur. 
Actual autoraaiographic techniques fall into 2 categories: 
stripping-film methods and coating methods. In the stripping-
film procedure, the emulsion comes in sheet form. In the dark 
room the sheets are cut to size, floated in a water bath, and 
positioned over tissue-containing slides. The coating emulsion 
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· arrives in bulk form. It is melted in a water bath and slides 
containing tissue sections are dipped into the emulsion and 
allowed to dry. The main disadvantages of the stripping-film 
technique are the precise dark room conditions of te~erature 
and humidity which must be met in order that the emulsion will 
adhere to the glass slide. The coating technique requires no 
humidity control, and allows wide variaton in temperature 
(Kopriwa and Leblond, 1962). However, the thickness of the 
coated emulsion is not uniform and care must be exercised in 
placement of tissue sections away from the edges of the slide 
where thickness variation is greatest. In addition, the coated 
slides must be dried in a vertical position. Horizontal drying 
does not permit run-off of excess emulsion, with.the consequence 
that the resultant emulsion layer is of extreme and uneven 
thickness. During photographic processing of such a slide, the 
emulsion layer will contract and peel off the slide. The over-
riding advantage of the coating technique, however, is the na-
ture of the emulsion. Bulk emulsions manufactured by Kodak 
are of the "nuclear" type, i.e. the silver bromide granules 
are of uniform size. With this improvement localization of 
activity is more precise and artifacts are re~~ed. 
Although the physical procedures of autoradiography have 
been improved over the years (Messier and Leblond, 1957; Kop-
riwa and Leblond, 1962), the usefulness of the technique may 
have been exaggerated. In qualitative analysis, autoradiogra-
, phy is useful if the following considerations are taken into 
account. 1) Non-specific labeling can occur by atomic exchange 
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' of labeled atom for unlabeled, or by incorporation of labeled 
molecule into two or more compounds. 1) Radiation induced 
cellular artifact or damage has been assumed to be insignifi-
cant in the quantities .;used for autoradiographs. However, 
detailed investigation has not been done in this area even 
though radiation damage is thought to be cumulative at any 
level. 3) .Partial infiltration of tissues by emulsion does 
occur. This results in activation of silver bromide at many 
levels in and over the tissue. Under the microscope, granules 
will appear in many focal planes and only the total activity 
in all planes is valid. 4) When isotopes other than tritium 
are used, the image spread will be great because the larger 
energy of the~ particles enable them to travel farther in 
the emulsion. 5) Highly sensitive emulsions will detect a 
large part of the spectrum of-1 energies, thereby improving 
the sensitivity of the system. However, the more sensitive 
the emulsion, the more likely is fogging 9ue to cosmic rays. 
Highly sensitive Kodak NTB3 emulsion has a short usable life 
due to increase of cosmic ray bacjground after a few weeks. 
Therefore, Kodak mails the emulsion air express and recommends 
its use immediately. Kowriwa and Leblond (1962) indicate that 
the atmsspheric conditions encountered in air travel tend to 
fog the emulsion, and they recommend its shipment by truck or 
car. Fog due to air travel vs;fogging over time must be weighed 
by the individual investigator on the basis of his location. 
Use of the technique as a quantitative tool is much more 
dangerous. In addition to all of the foregoing considerations, 
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other, more serious, factors are encountered. 1) As with 
staining techniques, concentration of a substance per unit 
area is important. A minimum number of emitted radiations 
is needed to identify a locus~ Consequently, a substance 
which is present in the cell in large amount but in wide dis-
tribution may go undetected. 2) The isotope may be picked up 
by other tissues or cells before reaching the desired loca• 
tion, thus yielding negative results. 3) Artifacts of grain 
clusters are very common. One ~ particle may activate a 
string of granules whereas a leas energetic particle from the 
same isotope will activate only one granule. 4) In small cells, 
the problems of resolving grains and therefore of grain coun-
ting are great. 5) Each batch of emulsion and/or tracer is 
different; each animal is different. The incubation time 
necessary for decay of sufficient material in one sample may 
be different from that in another. However, once a slide is 
developed, it can not be returned to the sensitive state. 
Hence, comparison between samples is often unsure and unsafe. 
Gross quantitat1ve estimations and comparisons are probably 
valid• defore more delicate examinations are begun, it would 
be wise to investigate the applicability of other methods. 
&eaults 
Silver grains were evident in many focal planes above the 
tissue because emissions originating on the surface of the tis• 
sue section would travel a greater distance into the emulsion 
than those originating from within the section. S1nce the 
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, photographs in Figures 4 and 5 were taken at the best focal 
distance for distinct visualization of the cells, most of the 
grains were out of focus and/or not visible. The grains 
located in these focal levels were added by hand with India 
ink. In addition, the cells were best seen by means of a 
dark-light phase contrast pbjective, whereas the grains were 
most evident with a dark-medium objective. 
The results of the tritiated thymidine experiments were 
relatively straightforward and in line with current concepts 
of the nuclear location and constancy of DNA. With background 
radiation of 16 grains per field discounted, activity was exclu-
sively nuclear. After cell division, the activity per cell was 
reduced, although the total label per embryoE' probably remained 
constant. After the 8 cell stage, no further activity could 
be detected. By that stage, the label was at the minimum level 
needed for identification, and subsequent divisions would bring 
the level below minimum. 
One additional inference should be noted. Upon cell di-
vision, the label was fairly uniformly distributed to the daugh-
ter cells. This would not have been the case if chromosomal 
replication had been conservative. With conservative replica-
tion all the activity would be concentrated in one cell with 
none in the other daughter cell. Even distribution of chrom-
osomal label is indi~tive of either semi-conservative or dis-
persive replication. This experimental procedure can not dis-
tinguish between these two modes of replication; however, in 
cases where the problem has been analyzed by other means, semi-
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conservative replication seems to be the rule bleselr.on and 
Stahl 1 1958). 
The results of the tritiated uridine studies were much 
more ambiguous. On the basis of normal incorporation of the 
isotope into the cumulus cells, RNA labeling seems to have 
occurred. Inasmuch as the only ~rma.l cells were the ova1 
the effect of the isotope in these cells is probably due to 
some difference peculiar to ova. Two possibilities present 
themselves. 
1) The presence of large amounts of labeled nucleotide 
may have caused a metabolic error which resulted in disruption 
of the machinery of the cell. For example, one may postulate 
that the tritiated uridine was not recognized by the cell as 
a constituent of RNA, but rather as a base analog of thymidine 
and used a& such. The uridine would then be incorporated into 
newly formed 01~ in the place of thymidine. Inasmuch as the 
helical properties of the DNA molecule are such that uridine 
would be a poor "fit", this wuld result in typical analog sub• 
stitution behavior of chromosomal irregularity and subsequent 
disruption of the cell. 
Two pieces of evidence argue against this hypothesis. In 
the cells which remained intact, the label was not concentrated 
in the nucleus as was the tritiated thymiiline. The grains were 
distributed throughout the cell, but primarily in the cytoplasm. 
This would tend to indicate that incorporation was in RNA and 
not DNA. Secondly, as discussed below, the large amount of 
RNA 1n the mature ovum may have been synthesized by the mater-
nal system before incorporation into the ovum,. Hence, the free 
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-nucleotide would not be available for use in DNA synthesis. 
2) The second possibility, which is the more likely one, 
is that the ova suffered a lethal dose of~ radiation. The 
rationale for this hypothesis is as follows. The ratio of 
RNA to DNA in normal mammalian cells is between 0.3 and 5, 
depending on the animal, cell, and external conditions (Leslie, 
1955). Assuming an average value of 7 pgm. DNA per cell, the 
RNA content therefore should be somewhere between 0.2 and 35 
pgm. However, the quantitative studies of the unfertilized 
mouse ovum indicate the presence of 1750 pgm. The mature, ovar-
ian egg, then, is a highly active site of RNA synthesis ot in-
corporation, and it is likely that the label would be prefer-
entially concentrated at this site. The effect would be the 
subjugation of the ovum to a much higher rate of radioactivity 
than any other somatic cell with possible resultant radioactive 
damage and cell disruption. 
This hypothesis would explain the relatively slow pro-
gression of ir~egularities seen in the ova. Since the effects 
of radiation are cumulative and raiioactive decay is a time 
phenomenon, increasing amounts of cellular damage with time 
would be expected. When the lethel level of radiation is reached, 
the cell would die and pr·~es~:es! of degeneration would begin. 
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, Quantitative Biochemical Procedures as Applied to Mouse Embryos 
The Scott Technique 
The Schmidt-Thannhauser (1945) technique as modified by 
Scott ~ Al· (1956) was attempted for use with mouse ova. 
Many difficulties, however, were encountered. Minor prob~ems 
included 1) consistently high contamination of the alkaline 
solutions with ultraviolet absorbing impurities, and 2) extremely 
prolonged extraction times for phospholipid. The major diffi-
culty was extraction of impure DNA from bhe DNA-protein com-
plex after alkaline incubation for solubilization of RNA. The 
absorption curves for DNA had large inflections at 280mp indi-
cating coatamination with aromatic amino acid-containing pro-
teins. Shortening the alkaline incubation time only succeeded 
in creating conditions of partial RNA extrattion; lengthening 
the incubation time caused erratic results in RNA determina-
tions with no improvement in the DNA extraction. On the basis 
of these shortcomings, the method was abandoned and the Collier 
(1960) method attempted. 
Procedure #1- Modified Collier Method 
Collier (1960) h~d modified the Ogur-Rosen (1950) techni-
que for use with snail eggs. Since the original method was 
designed for extracting nucleic acid from plant tissues which 
contain ultraviolet-absorbing, interfering substances, Collier 
was able to shorten and simplify the procedure. 
In the first few analyses, each extraction was checked 
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- for absorption at 260~ and for the absorption spectrum be-
tween 200 and 300mp. The acid-soluble and lipid fractions 
had negligible absorptian in the nucleic acid range. 
Studies on the incubation time necessary to extract all 
the RNA were performed. At 12 hours, no detectable RNA had 
been liberated. At 15 hours, which was the incubation time 
used by Collier, about 75% of the RNA had been hydrolyzed by 
the cold 1N perchloric acid. There was no significant differ-
ence in the RNA released at 20, 24, or 28 hours. With incu-
bation times greater than 28 hours, the RNA values jumped 
erratically while the DNA values fell. This would indicate 
bat after 28 hours of incubation in cold acid, the DNA frac-
tion was being attacked and partially hydrolyzed. A 24 hour 
incubation period was chosen on the basis of adequacy and 
convenience. 
In Collier~ technique, final volumes of 200ul were used 
for spectrophotometric analyses. Careful alignment of the 
Lowry and Bessey (1946) micro attachments and comparison with 
standard cuvettes, cuvette holder, and diaphram indicated a 
total volume of 100~1 was sufficient. Because the quantity 
of nucleic acids in mammalian eggs is small compared to that 
' in snail eggs, the smaller volume, and therefore higher con-
centration, was desirable. Since a smaller volume of final 
solution required smaller volumes of extracting and washing 
solutions, tests were done to detect residual nucleic acid 
in further washes. 200 or 250pl of wash solution were added 
added to the precipitate after extraction of DNA, with subse-
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'quent careful aspiration of all supernatant fluid. The washes 
were concentrated by evaporation in. '.a 7ooc. water bath until 
only 100 to 150~1. remained. This was then examined for ul-
traviolet absorption at 260~. Ho nucleic acid could be found 
even when entichment procedures were used. Thus the reduced 
scale of the Collier method was deemed satisfactory. 
Validity of the Enrichment Procedure 
The original Collier (1960) procedure was suitable for 
the detection and resolution of 0.5pg. amounts of nucleic 
acid, and after reducing the volume by one-half, 0.25 ~g. 
could be resolved. The relatively large amounts of RNA in 
the ovum and early embryo created no difficult~es even if the 
·200pl. final solution was used. However, the much smaller 
amounts of DNA present in each ovum would have necessitated 
collection of many thousands of eggs for each determination. 
Inasmuch as the unfertilized egg contains about 46 pgm. DNA, 
over 5400 eggs would have been needed for each determination. 
Maximum accuracy in spectrophotometric analysis is attained 
when concentrations are chosen such that the percent transmission 
is between 20 and 60. This corresponds to absorbance readings 
between 0.22 and 0.70. Above and below these limits, error 
increases rapidly with conoimitant decreases in the sensitivity 
of the system (Kolthoff and Sandell, 1952). Hence, a method 
utilizing the increased mid-range sensitivity of the instru-
' ment would permit a more accurate determination of a smaller 
amount of material. An enrichment of unk~ow.n with enough 
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known material would bring the readings within these limits. 
In addition, unknown would not be "wasted" in the function of 
bringing the concentratinn of material up to the minimum de-
tectable level. 
In order to test this hypothesis, a stock solution of 0.5N 
perchloric acid containing 500~g. DNA/ml. was prepared. Dilu-
tions were made to yield 2 standard solutions containing 4.90 
and 5.00pg. DNA per 100pl. A third standard containing 0.010pg. 
per 10pl. was prepared. From these three solutions plus 0.5N 
perchloric acid, a series of 21 solutions was obtained with con-
centrations increasing in 0.010pg. intervals from 4.90 to 5.10 
pg. DNA per 200pl. 
100pl. aliquots were transferred to Lowry and Bessey micro-
cells and the optical density determined at 260~ with a Beckman 
DU spectrophotometer. The correlation between absofbaaoc at 
260~ and concentration is shown in Figure 6. Although a valid 
median line has been drawn through the points, in actuality the 
points form a stepwise progression. The horizontal steps repre-
sent a difference of 0.005pg/100pl. which is obviously below the 
minimum resolution of the system. Incremental amounts of 0.01pg 
per 100pl. however produce decidely significant readings and are 
therefore above the minimum. In practical terms, instead of 5400 
unfertilized eggs, only 220 would be needed. As an added safe-
guard, at least twice this minimum was used at all times. 
A comparison of procedures 1 and 2 was performed using eight 
blastomere embryos. Although the enrichment technique yielded 
slightly lower DNA values, the difference was not significant 
Figure 6 
Change in Optical Density at 
260mu with Concentration of 
DNA 
II 
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-and the procedure was considered valid. It should be noted 
that 2500 embryos were needed for each procedure #1 determin-
ation; 150 were used for each procedure #2 determination. 
78. 
,DNA During Early Cleavage 
Interpretation of Results 
The change in DNA per whole ovum or embryo is shown in 
Figure 7a. The DNA content per cell appears in Figure 7b. 
For uniformity, all units have been converted t;,.picograms. 
The difference between the values of DNA at the one cell 
unfertilized and fertilized stages (45.8 and 49.0pgm.) is in-
significant at the 3% level. At the 5% level, however, the 
difference is significant and could be the result of a number 
of factors working singly or together, namely: 1) collection 
of some ova after fertilization but before the formadon of the 
second polar body, 2) a small amount of net synthesis of DNA 
or DNA hydrolysis products after fertilization in eggs which 
have released the second polar body; 3) accidental miscounting 
of embryos with subsequent analysis of an inflated sample. 
It should be noted that the unfertilized ova are essen-
tially "diploid" since second polar body formation is initiated 
only after fertilization. The one blastomere embryos;:.are also 
diploid. With the difference in measured values insignificant 
or of questionable significance, it can be inferred that the 
polar body and spermatozoan contain the same amount of DNA- the 
haploid value. The diploid amount of DNA in the mammalian cell 
and the haploid amount in the mammalian spermatozoan has been 
found, by similar biochemical procedures, to be 5-7pgm. and 
2.5-3.5pgm. respectively (Boiven ~ al., 1948; Davidson~ al., 
1951). The egg, therefore, must contain an excess of DNA. 
Figure 7a 
DNA per Embryo 
Figure 7b 
DNA per Cell 
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No marked synthesis of DNA occurred until the two blastomere 
stage, as evidenced by the halving of DNA per cell. From the 
two blastomere stage onward, the content per embryo increased 
at a rate slightly less than that of cleavage while the content 
per cell decreased at a slow rate. In biological systems the 
processes of anabolism and catabolism are constantly occurring; 
the working relationship or balance between these two phenomena 
being a steady state. Analysis of Figures Za and 7b would in-
dicate that the balance between synthesis of new DNA and deple-
tion of the excess is weighed more toward the former. It would 
be expected that with time the curve representing DNA per cell 
would approach 5-7pgm. and then level off. The curve repre-
senting DNA per embryo should continue to increase until the 
cell number multiplied by the diploid value per cell is equal 
to the total embryonic DNA content. The curve should then be-
come a more steeply inclined straight line. 
The pattern for the synthesis-depletion balance is ini-
tiated at the two blastomere stage and is maintained at least 
through the sixteen blastomere stage. The delay in beginning 
the synthetic pattern may be one effect of the act of fertili-
zation. Before activation by fertilization, the egg, in its 
role as a future individual, can be considered dormant or not 
complete, possibly by lacking some trigger mechanism for syn-
thesis of DNA. After fertilization there is no actual random 
mixture of pronuclear contents, b~t rather the chromosomal con-
stituents from each pronucleus line up on the metaphase plate 
of the first mitotic-division in~. In this light, one main 
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outcome of first cleavage, in addition to producing another 
cell, may be the incorporation of both chromosomal components 
into a workable whole. Hence, the effect of a genetic trigger 
mechanism of the spermatozoan, as opposed to the mechanical 
one simply of spermatozoan entry, may not be felt until the 
two blastomere stage is reached. The activation may be two 
fold: 1) mechanical initiation of incorporation of the excess 
DNA into the functional or genetic apparatus of the cell, and 
2) genetic initiation of de novo DNA synthesis. Artificial 
parthenogenic activaton which results in incomplete develop-
ment may be an example of mechanical initiation of incorpora-
tion of the excess nucleic acid into the functional genetic 
units without genetic initiation of DNA synthesis. Complete 
depletion of excess or non-chromosomal DNA without new synthe-
sis would effectively inhibit normal mitosis with subsequent 
cessation of ,development. 
The Nature of the Excess DNA 
The state of molecular complexity of the excess DNA can 
not be determined by the methods used, but can be partially 
deduced. 
a) The excess is probably not high molecular weight, 
highly coiled DNA. In such a state, and in the amounts in-
dicated, it should be detectable with Feulgen staining. Al-
fert (1950), using these staining methods, demonstrated that 
the mouse ovum contained the haplmid amount of DNA, and each 
cell of the two blastomere embryo contained the diploid quan-
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, tity. Furthermore, if the DNA were in the highly polymerized 
state, in many cases, it might be incorporated in ~ into 
the chromosomes. Since the origin of the excess nucleic acid 
is maternal, standard Mendelian crosses would be affected~ with 
the results of the crosses shvwing much greater maternal than 
paternal influence. Over the years, this has not been found 
to be the case. Finally,the rapid depletion of label in the 
autoradiographic study was normal if only the "haploid" chro.~ 
.somal DNA was labeled. As seen in Figure 7, the excess DNA 
is reduced at a slow rate. If the label were incorporated 
into excess, highly polymerized DNA, the activity also should 
have declined at a slow rate. 
b) The excess material is probably in the form of deoxy-
ribonucleotides; .either mononucleotides or short polynuclep-
tide chains. Excess deoxyribonucleotide would not be identi-
fiable with Feulgen stain and would not be labeled by tritiated 
thymidine. Spectrophotometric measurement at 260~ is based 
on absorption of the purine nitrogen. Since the absorption 
curve is smooth, the mixture of substances being measured is 
probably homogeneous with reference to molecular complexity. 
Boiling in perchloric acid will cause hydrolysis of DNA to 
nucleotides so that the hydrolysates of chromosomal DNA would 
be indistinguishable from free nucleotide. Studies on DNA 
replication have been attempted mainly with bacterial or bac-
teriophage systems, and the results may not ne~essarily be 
, applicable to mammals. Nevertheless, if semiconservative rep-
lication .does occur in mammals, the ultimate, or genetic im-
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, portance of distinguishing between mononucleotides and small 
polynucleotides may not be great because the polynucleotide 
chains would probably be enzymatically hyerolyzed to yield 
mononucleotides for base pairing with the chromosomal DNA. 
The Function of the Excess DNA 
There are two possible functions of the non-chromosomal 
DNA. 1) The excess is used as a precursor storehouse for 
chromosomal DNA. 2) The excess is not used passively as a 
storehouse, but actively in some mechanism of differentiation. 
The storehouse theory is the simplest explanation and 
perhaps the most logical one. After the mammalian egg is ovu-
lated and before implantation and placenta formation occur, the 
young embryo can be considered an isolated system moving through 
the oviduct. It is free-living, and is not connected to the 
maternal circulation in any way. Essentially, then, for three 
to four days, the embryo must either live off "capital" or syn-
thesize new material. However, even synthesis at this time is 
living off capital since the precursor substances must be pre-
sent in the egg. It would be normal, therefore, to expect that 
the egg will have an excess of many substances. The dual func-
tions of the early embryo are maintaining itself as a living 
group of cells and dividing- slowly at first, then more rapidly. 
Fulfillment of the first function of simply maintaining the 
living state requires complex mechanisms of synthesis of innu-
.merable substrates and enzymes, and catabolism in order to pro-
vide energy for living and dividing. Fulfillment of the second 
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' function requires synthesis of chromosomal DNA. Under these 
circumstances, the availability of storehouse deoxyribonucleo-
tides is a fortunate occurrence for two reasons. Although 
nucleic acids are built from simple precursors such as nitro-
gen, oxygen, carbon, hydrogen, and phosphorus, the final steps 
of the synthetic mechanism require a pool of deoxyribonucleo-
tide triphosphates in addition to appropriate enzymes and pri-
mer DNA (Kornberg, 1957). The presence of formed nucleotides 
could save the embryo time and ~rgy in chromosomal DNA syn-
thesis. 
Secondly, in a closed system such as the early, cleaving 
embryo, competition for precursor substances must be great. 
~ ~ synthesis of DNA would be in competitive interaction 
with other enzyme and substrate systems. The maternal organ-
ism is not a closed system, being freely supplied with food, 
water, and oxygen. Shifting of some of the synthetic burden 
from ovum to mother would not put a great deal of strain on 
the metabolic system of the mother, while insuring the embryo 
an adequate supply of non-competing substrate for cellular 
division. 
The postulation of an active role for the excess DNA is 
on much more tenuous ground since understanding of the mech-
anisms of chemical differentiation is still at the level of 
speculation. After Briggs and King (1952) demonstrated that 
cell nuclei of the developing amphibian differentiate, the mode 
of nuclear differentiation has been under scrutiny. Clearly, 
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if chromosomal DNA is constant in all cells of an organism, 
there are only two ways for cells to differentiate: selective 
enhancement and/or SURression of genic activity. Markert (1958) 
considers the chromosomal constituents of the egg to be un-
differentiated. As cleavage progresses, differential cyto-
plasmic concentrations of substances in different cells would 
cause selective activation of genes or selective induction of 
enzymes. Vogel (1958) considers repression of genes and/or 
enzymes to be at least as important as induction. Both pro-
cesses are recognized to be part of the chemical feedback con-
trol mechanism of ~~action. Although enzyme action is a 
process once removed from genic action, Markert and Vogel pos-
tulate the importance of these mechanisms to the primary, or 
genic, locus of differentiation. Vogel points out that a) re-
pressars and inducers are usually closely related to the sub-
strate of an enzyme system, and b) small molecules could enter 
the nucleus and selectively repress the activity of different 
parts of the genome in different cells. In addition, Markert 
repeats the concept of many workers: direct genetic control of 
development is not usually apparent until gastrulation. This 
statement is also born out in Briggs and King's work. Nuclei 
from blastula and early gastrula cells are able to support nor-
mal development when transplanted to enucleate eggs. However, 
nuclei from the late gastrula are not as effective, and there-
fore are not considered to be totipotent any longer. 
The excess DNA in the form of small polymers is certainly 
related to chromosomal DNA. By some mechanism of base pairing 
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' it would be possible for attachment of the excess DNA to the 
chromosomal DNA in a manner which would block the action of 
the latter. If a nucleotide site on the chromosome is blocked 
with a deoxyribonucleotide, base pairing to form messenger RNA 
at that site would be inhibited. This inhibition would be 
effective in changing the protein environment of the cell)thus 
causing enzymatic differentiation. 
In addition, at the rate of decline exhibited through 
the sixteen blastomere stage, the excess DNA would not be to-
tally depleted for at least 4lO divisions or about one million 
ceils. Thus, the loss of cellular totipitency and increase 
of cellular differentiation would be a gradual process. In 
J 
actuality, differentiation does proceed in a relatively slow, 
stepwise manner. 
However, before such a function can be definately assigned 
to any substance, much evidence of non-circumstantial kind must 
be gathered. 
87. 
~ RNA in the Early Embryo 
Interpretation of Results 
The change in RNA per whole ovum or embryo is shown in 
Figure 8a. The RNA content per cell appears in Figure 8b. For 
uniformity, all units have been converted to picograms. 
Between the unfertilized and fertilized one celled stages, 
a decline in the RNA content occurs, possibly having some con-
nection with protein synthesis at fertilization, completion 
of meiosis, and preparation for the first mitotic division. 
A similar drop in RNA occurs in the sea urchin egg after fer-
tilization (Elson and Chargaff, 1954). From the one celled 
stage through the four blastomere stage, there is a small a-
mount of RNA synthesis (see Figure 8a). However the rate of 
synthesis is less than the rate of cleavage, the result being 
a cellular depletion of RNA (see Figure 8b). From the four 
blastomere stage through the sixteen blastomere stage, the 
balance between depletion and synthesis swings decidedly to-
ward depletion, with the cellular and total embryo values. of 
RNA declining sharply. It eould be expected that the decline, 
which is beginning to level off at the sixteen celWstage 
(Figure 8b), wou1d taper still more and gradually approach 
the normal embryonic cellular value of 15-20 pgm. 
Nature of the RNA 
The evidence seems to point to all the RNA being in the 
form of molecular RNA. 1) No RNA was detected after 12 hour 
incubation with cold perchloric acid. If much of the RNA were 
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, in the form of mononucleotides or even small polynucleotide 
chains, solubilization and hydrolysis would have occurred 
within twelve hours. Minimum incubation time of 20 hours 
would indicate that most, if not all, of the detectable RNA 
was incorporated in molecules of some complexity. 2) The 
very rapid rate of decline would tend to point to the using 
up of already existing molecules. 3) If cell death in the 
tritiated uridine study was due to high dose radiation effects, 
the precursor uridine nucleotide would have had to have been 
incorporated into molecular RNA because mnly in the molecular 
state would there have been such a large amount of radioac-
tive uptake. 
Role of the RNA 
The principal fun<ition'of RNA is the direction of protein 
synthesis, and until further. work on protein metabolism of the 
mammalian egg is done, there is no reason to seek out other 
roles for this nucleic acid. However, the fact that a very 
large amount of RNA is present in the unfertilized egg is inter-
esting in light of RNA function. RNA/DNA ratios of 40 or more 
have also been found in the eggs of the sea ~rchin (Elson ~ 
~., 1954; Schmidt~~., 1948). 
RNA is of decided importance :during..Jcleavage•:~<.Add:i:.tion 
of ribonuclease will halt cleavage, presumably because the 
protein necessary for spindle fo~tion as well as protein 
needed for maintenance will not be formed (Brachet, 1960). 
Brown and Caston (1962b), using frog eggs and embryos, 
§<}. 
found that no new RNA is synthesized until the neural tube 
stage. Synthesis then remains at a low level until the mus-
cular response stage. At that point, the rate of RNA synthe-
sis rises sharply. Although protein is synthesized throughout 
cle.avage, the protein formed before the muscular response stage 
is qualitatively different from that synthesized afterwards. 
Hultin and Wessel (1952), using sea urchin eggs, also indicate 
a qualitative difference in the protein formed before and after 
RNA synthesis is begun. 
Genetic "influencen during cleavage is thought to be neg-
ligible or at a low level. In light of recent work, the influ-
ence of the genes is expressed as the direction of RNA, and, 
hence, protein, synthesis. RNA present before fertilization 
is essentially maternal in the sense that the DNA which directed 
its synthesis is maternal. Since new RNA synthesis during 
cleavage is non-existan~ or occurs at a slow rate, and since 
an individual is the sum of the inherent proteins manufactured 
under the direction of RNA, the cleaving embryo can be consid-
ered still part of the maternal individuality. The embryo be-
comes different only when its unique genic complement begins 
to direct synthesis of unique RNA and protein. 
The role of the very large amount of RNA is essentially, 
then, its use as a reserve for the needs of the cleaving em-
bryo. It is however a maternal stoeehouse rather than an em-
bryonic one, the proteins being synthesized by the early embryo 
,being under the influence of the maternal system. In view of 
the very rapid decline in RNA with time (Figure 8), it is quite 
possible that not all of the nucleic acid is needed or used, 
and that some of it is enzymatically broken down to simple 
molecules or compounds which can be used for s~thesis of 
other products. In addition, then, to its funttion of oeing 
an RNA reserve, the excess nucleic acid may also be a molecular 
I 
reserve for the synthetic needs of the preimplantation embryo. 
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105. 
AN ABSTRACT 
Deoxyribonucleic acid (DNA), a nucleotide polymer contain-
ing deoxyadenylic, thymidylic, deoxycytidylic, and deoxyguanylic 
acids, is arranged in a double helix with adenine in one chain 
bound to thymine in the other, and cyti.dine bound to guanine. 
This structure accounts for the.purine and pyrimidine molar 
proportions observed in biochemical analyses of cells, and also 
for the ability of the genetic material to replicate in comple-
mentary fashion. The DNA code directs the order of nucleotides 
in ribonucleic acid (RNA). 
Ribonucleic acid is a nucleotide polymer containing adeny-
lic, uridylic, cytidylic, and guanylic acids. RNA occurs in 
the nucleus and cytoplasm in several forms. Messenger RNA 
which is coded by DNA, transmits the genetic information to 
soluble RNA (sRNA); sRNA accepts activated amino acids to form 
an RNA-amino acid intermediate, and functions as an adaptor for 
positioning the amino acids on ribosomal RNA where peptide 
linkages and protein formation occur. The DNA and RNA codes 
leading to protein synthesis were discussed. 
Studies on nuclear DNA have shown the constancy per species 
of this nucleic acid. Somatic cells contain the diploid amount 
with gametes containing one-half, or the haploid, amount. How-
ever, investigation of invertebrate and amphibian ova and embryos 
has disclosed a large excess of DNA in these cells. 
Nucleic acids in:mouse ova and early cleavage embryos were 
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studied by biochemical means and with autoradiography. Existing 
' 
' 
chemical micro-~ethods were modified for use with the very small 
amounts of nucleic ~cid in mammalian ova. Tritiated thymidine 
was used for DNA labeling, and tritiated uridine was used for 
RNA labeling. Ovulation and fertilization were synchronized 
by administration of gonadotrophic hormones. 
Quantitative determinations of DNA in the ovum indicated 
a large excess of DNA or deoxyribonucleotides: 45.8 picograms 
(pgm.) as opposed to 7 pgm. in a normal, diploid, mammalian 
cell. The quantity of DNA per embryo remained level until the 
two blastomere stage when synthesis was begun. Synthesis then 
continued at a rate slightly less than that of cleavage. DNA 
per cell declined; by the sixteen blastomere stage, each cell 
contained 19.3 pgm. Autoradiography indicated that labeling 
of only the 'haploid' chromosomal DNA occurred, and on the basis 
of this and other evidence, the excess material was postulated 
to be in the form of deoxyribonucleotides, rather than formed 
DNA. The function of this material could be as a reserve for 
the cleaving embryo; possibly the material could act as a gene 
suppressor in the process of biochemical cellular differentiation. 
Quantitative determinations of RNA yielded data of 1750 pgm. 
per unfertilized ovum. Again, this is a large eEcess of RNA as 
compared with 0.2 to 35 pgm. which is characteristic of the nor-
mal somatic cell of the mammal. RNA declined slightly at fertili-
zation, and increased to 2000 pgm. per four blastomere embryo. 
From that stage on, RNA decreased rapidly on ei~her an embryonic 
or cellular basis. The large amount of RNA~ probably in the 
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form of molecular nucleic acid. Because of the great amount 
of RNA synthesis which must occur in the developing oocyte, 
tritiated uridine would be preferentially incorporated into 
the oocyte. Autoradiographs showed progressive a.mounts of 
damage and finally degeneration of the ova. ItW,as posbilated 
that the cause is high dose radiation due to preferentially 
incorporated label. The role of RNA in protein synthesis was 
discussed in view of the essentially maternal identity of the 
RNA. The protein thus synthesized under its direction would 
also be maternal. It ~ suggested that the embryo can not be 
considered a new individual until autogenic RNA and protein 
syntheses are begun. 
